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Abstract 
SYSTEMATICS AND EVOLUTION OF LEANDRA S.STR. 
(MELASTOMATACEAE, MICONIEAE) 
by   
Marcelo Reginato 
Adviser: Dr. Fabián A. Michelangeli   
 Phylogenetic studies in the Melastomataceae have demonstrated the need of taxonomic 
rearrangements in the current classification. Melastomes are among the most diverse groups of plants and 
several cases of known artificial taxa are observed and awaiting further resolution. One example is the 
Leandra s.str. clade, which includes the majority of the taxa traditionally treated in the genus Leandra. 
Some attempts have been made to infer the relationships of Leandra s.str., but the sampling in these 
earlier studies was sparse and the resolution low inside the clade. The main objective here is to propose a 
comprehensive phylogenetic framework for this group to address evolutionary questions regarding 
morphology and biogeography. In Chapter 1, using a species tree approach, I present a phylogenetic 
hypothesis for Leandra s.str. and discuss incongruent patterns across gene trees and putative processes 
leading to them. The genus Leandra has been scarcely studied since a review in the 19th Century, and 
information such as overall distribution, anatomy, cytology, morphology, and even taxonomy is very 
limited. In Chapter 2, chromosome counts for some species of Leandra s.str. are provided, while in 
Chapter 6 a taxonomic review of Leandra sect. Leandra is presented and driven by the phylogenetic 
hypothesis of Chapter 1. The diversity and evolution of flowers in the Leandra s.str. clade is the topic of 
Chapter 3. Several question regarding the evolution of floral traits are addressed on a continuous 
framework using comparative phylogenetic methods. Leandra s.str. is nearly restricted to eastern Brazil, 
and the biogeography of the group is discussed in Chapters 4 and 5. In the former, I investigate disjunct 
patterns and distributional ranges and their relationship with climatic variables, focusing in the species 
that occurs outside eastern Brazil. In Chapter 5, I reconstruct the historical biogeography of Leandra 
s.str., proposing discrete biogeographical areas for ancestral distribution estimation, explore the climatic 
evolution and discuss the role of sympatry/allopatry in this group. 
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Chapter 1  
Untangling the phylogeny of Leandra s.str. 
(Melastomataceae, Miconieae)   
1. ABSTRACT   
 Phylogenetic studies in Melastomataceae have demonstrated the need for taxonomic 
rearrangements in the current classification. Nonetheless, melastomes are among the most diverse groups 
of plants and several cases of known artificial taxa have been observed and awaiting further resolution. 
The Leandra s.str. clade, with ca. 200 species, includes the majority of the taxa traditionally treated in the 
genus Leandra and is almost restricted to eastern Brazil. In earlier studies, some attempts have been made 
to infer the relationships within Leandra s.str., but the sampling was sparse and the resolution low inside 
the clade. Here, we attempt to provide an improved phylogenetic hypothesis for this group on which to 
base further studies. Specifically, we provide a comprehensive taxon sampling and attempt to infer a 
species tree for this group, dissecting potential noise in the phylogenetic reconstruction, such as paralogy, 
rogue taxa, hybridization and incomplete lineage sorting. Our data set includes 126 ingroup species (192 
terminals) and four partitions (six markers). We implement the *BEAST model for species tree inference 
and perform several simulation methods to assess model fit and to discuss potential causes for the 
observed patterns. Major lineages of Leandra s.str. were delineated, a strictly bifurcating species tree 
model seems to not account for the observed data, and hybridization is very likely an important 
evolutionary force in this group.  
 
2. INTRODUCTION   
 Melastomataceae Juss., with close to 5000 species, is one of the largest flowering plant families 
(Renner 1993). The backbone of the classification of the family, both at the tribal and generic level, traces 
back, with minor modifications, to the work produced by Triana (1871), which was largely followed by 
Cogniaux (1891). The need of taxonomic rearrangements in all levels has become clear (Clausing & 
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Renner 2001, Michelangeli et al. 2004, Penneys et al. 2010, Goldenberg et al. 2012), and several cases of 
artificial taxa are known and awaiting further resolution. The Miconieae DC. is the most diverse and 
probably the most challenging tribe in the family, regarding generic classification. Historically, the ca. 
1800 taxa in this tribe were clumped in a handful of genera, which were defined on the basis of a few 
character combinations (Cogniaux 1891, see the introduction of Goldenberg et al. 2008 for details). 
However, some attempts have been made to provide preliminary phylogenetic hypotheses for this group 
on which to use for a new classification (Michelangeli et al. 2004, Martin et al. 2008, Goldenberg et al. 
2008). Despite overall low resolution and relatively sparse sampling, the great surprise revealed by these 
studies was the strong relevance of geography shaping deep splits in the evolution of the Miconieae.  
 The genus Leandra Raddi was the focus of previous molecular work by Martin et al. (2008), and 
a review of the taxonomic history and infra-classification of the genus is presented by those authors and 
in Chapter 5. In that study, it was found that species of Leandra spread throughout ten different clades of 
Miconieae. However, most species clustered in three main groups: the near basal Secundiflorae clade 
(including the species of Leandra sect. Secundiflorae Cogn. and Ossaea sect. Diclemia  (Naudin)  Cogn.), 
several species spread in the Clidemia grade, and the bulk formed the Leandra s.str. clade (name used 
later by Goldenberg et al. 2008). The last clade comprises the great majority of the species of Leandra, 
including the type, and is nearly restricted to eastern Brazil. The work of Martin et al. (2008) included 35 
species of Leandra s.str., and the sampling was expanded to 50 taxa in Goldenberg et al. (2008). 
Although Leandra s.str. was highly supported in those analysis, the relationships inside the clade were 
poorly resolved (see Figure 1 in Goldenberg et al. 2008). Those studies included one and two markers 
(ITS; ITS + ndhF), spanning 1165 to 2050 aligned base pairs (across the whole tribe), respectively 
(Martin et al. 2008, Goldenberg et al. 2008).  
 Leandra s.str. is not only a highly diverse clade almost restricted to eastern Brazil, but also many 
species are local endemics. The species in this clade are associated with a series of habitats in the Atlantic 
Forest and in the inland "Campos Rupestres". They range from rare understory plants of undisturbed 
forests or dominant species with large populations in disturbed areas. They are also a conspicuous 
component of high altitude vegetation (cloud forests and “Campos de Altitude”). Nonetheless, the genus 
Leandra has been scarcely studied since the last comprehensive review in the 19th century (Cogniaux 
1891). More recent publications have dealt with new species descriptions or treatments for local floras 
(Wurdack 1962, Camargo et al. 2009, Baumgratz & Souza 2011), providing little basic information such 
as overall distribution, anatomy, cytology, morphology, and even taxonomy.  
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 During our preliminary analyses it became clear that incongruence among markers was a 
challenge for phylogenetic reconstruction in Leandra s.str.. This topic had not been discussed in the 
previous works, very likely due to the low resolution recovered in those studies. Several explanations 
have been proposed for gene tree discordance (Maddison 1997), including coalescent stochasticity 
(incomplete lineage sorting), selection, hybridization, horizontal gene transfer, gene 
duplication/extinction, recombination, and phylogenetic estimation error (Reid et al. 2013 and references 
therein). Recent research demonstrates that the common approach of concatenating sequences from 
multiple genes might render a spurious species tree (Kubatko & Degnan 2007) and simulation 
experiments suggest that multispecies coalescent methods outperform the concatenation methods 
regarding species tree estimation (Heled & Drummond 2009). In addition to the advantage of 
incorporating incomplete lineage sorting in the tree inference process (Heled & Drummond 2009), the 
multispecies coalescent model can serve as a baseline for investigating diverse causes of gene tree 
discordance (Degnan & Rosenberg 2009). However, one key practical challenge is to include only data 
that meet the assumptions of the method, which, currently, cannot account for all factors that might lead 
to gene tree discordance (Blanco-Pastor et al. 2012, Reid et al. 2013). Of significant concern is the need to 
properly handle sequences, such as by excluding recombinants or hybrids prior to species tree inference 
(Blanco-Pastor et al. 2012). Additionally, branch support on the summary tree can be substantially 
decreased by rogue taxa (Aberer et al. 2013). 
  The main objective of this chapter is to improve our understanding of the phylogeny of Leandra 
s.str., providing a phylogenetic framework for further analysis of biogeography, morphological evolution 
and a new taxonomic classification. Here, we provide a comprehensive sampling of taxa and expand the 
number of molecular markers. In parallel, we explore potential causes of conflict and incongruence in the 
phylogenetic reconstruction of Leandra s.str. (i.e., paralogy, rogue taxa, and hybridization/ILS).    
3. MATERIAL AND METHODS  
3.1. Molecular sampling  
3.1.1. TAXON SAMPLING 
  Based on previous analyses of the group (Martin et al. 2008, Goldenberg et al. 2008, Reginato et 
al. 2010), we estimated that Leandra s.str. is likely to include ca. 215 accepted species. This estimate is 
based on geographical distribution and morphological similarity to the molecularly sampled taxa. 
Leandra s.str. does not include extra eastern Brazilian species of Leandra from the sections Carassanae, 
Chaetodon, Niangae and Oxymeris, and all the species of sections Tschudya and Secundiflorae. 
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Additionally, it includes all the species of Pleiochiton A.Gray (12 spp.), and all the eastern Brazilian 
endemics species of Ossaea DC. (18 spp.) and Clidemia D.Don (2 spp.), plus a single species of Miconia 
Ruiz & Pav. We were able to sample 126 species of the above-mentioned taxa, spanning the whole 
geographical distribution and morphological variation in this group (Figure 1). For several taxa more than 
one accession was included in the analysis (totaling 192 ingroup terminals, Appendix 1). The outgroups 
were selected based on the hypothesis presented by Goldenberg et al. (2008) and consisted of selected 
species from the Clidemia grade plus four more distantly related taxa from Miconia s.str. and Conostegia 
clades (totaling 13 taxa).    
 
Figure 1. A. Distribution of all species of Leandra s.str. group, color coded by diversity following the legend. B. 
Distribution of the DNA samples included in this study, number of samples per locality follows the legend. Elevation is 
depicted in gray tons. 
 
3.1.2. DNA EXTRACTION, CLONING AND MOLECULAR MARKERS  
 Total genomic DNA was isolated from silica-dried or herbarium material using the DNeasy Plant 
Mini Kit (Qiagen, Valencia, CA, USA) following the protocol suggested by Alexander et al. (2007). 
Herbarium samples were isolated with longer incubation periods at lower temperatures (24 h at 42 °C) 
and re-suspended in smaller amounts of elution buffer (50 µl instead of 150), which proved to be more 
successful for this type of sample. We sequenced two nuclear ribosomal loci (the internal and external 
transcribed spacers nrITS and nrETS), three plastid spacers (atpF-atpH, psbK-psbL and trnS-trnG) and a 
segment of the low-copy nuclear granule-bound starch synthase gene (waxy). ITS has been widely used in 
the Melastomataceae (Michelangeli et al. 2004, Goldenberg et al. 2008, Martin et al. 2008); ETS was 
recently developed for the Miconieae by A. Nicolas (Michelangeli et al. in prep.); atpF-atpH and psbK-
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psbL were used by Reginato et al. (2010); and trnS-trnG by Bécquer-Granados et al. (2008). The 
amplification protocols and primers outlined in those publications were used, with the exception of a 
more specific primer for atpF-atpH developed for this study (Table 1). We also developed specific 
primers for a partial sequence of the nuclear waxy (Table 1). Preliminary PCR reactions for this region 
were performed using the rosid primers developed by Garrick et al. (2008). Some samples were cloned to 
check for co-amplification of potential paralogs by our primers in Leandra s.str., and direct sequencing 
was applied for the other samples. PCR products were cloned into pCR2.1-TOPO (Invitrogen, Carlsbad, 
CA) and sequenced. PCR reaction parameters for waxy were: 94
o
 C for 30 s and 35 cycles of 94
o
 C for 30 
s, 55
o
 C for 45 s, and 71
o
 C for 60 s, followed by 72
o
 C for 10 min. Cycle sequencing was performed with 
the same forward and reverse primers used for ampliﬁcation at the high-throughput sequencing service at 
the University of Washington (USA). Contigs were assembled with Sequencher 4.9 (GeneCodes Corp., 
Ann Arbor, MI, USA).   
 
Table 1. Specific primers designed for Leandra s.str.  
Primer Sequence  
atpF-atpH R 5'-ATTCAGGACCTTATACTTGCTCC-3' 
waxy F 5'-TGTATTCATTGCCAAMGAYTGGCAC-3' 
waxy R 5'-TGCGGAGGATGTTATCCAACT-3' 
 
3.1.3. PARALOGY  
 An additional chloroplast spacer, accD-psaI, has been commonly used in phylogenetic studies of 
Melastomataceae (Reginato et al. 2010, Michelangeli et al. 2013, Penneys & Judd 2013). This marker was 
considered in our preliminary analysis for Leandra s.str. Nonetheless, the results of accD-psaI gene tree 
were highly discordant from the other chloroplast markers and the species tree, with a highly supported 
clade formed by a mix of species from several clades. The putative presence of a second copy of this 
marker was further investigated, and a comparison between accD-psaI gene tree (including cloned 
sequences) with the species tree is presented. PCR amplification protocols for this marker followed those 
employed by Reginato et al. (2010) and cloning procedures as described above. Sequence alignment and 
model selection was performed as described for the other markers in the next topics.   
3.2. Alignment and model selection  
  Sequence alignment was performed with MAFFT v.7 using the strategy G-INS-i (Katoh 2013). 
Minor adjustments were manually set in Mega v.6 (Tamura et al. 2013). An attempt to eliminate poorly 
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aligned positions and/or divergent regions in the resulting alignments was performed using Gblocks 0.91b 
(Talavera & Castresana 2007). These positions may not be homologous or may be saturated by multiple 
substitutions, that may affect phylogenetic analysis unless removed (Talavera & Castresana 2007). The 
parameters of Gblocks were set to a less stringent setup (b1 and b2 = 50 %; b3 = size of the alignment; b4 
= 2; b5 = "allowing gaps in the final alignment"). The resulting output from Gblocks ("gblocked") were 
compared to the original alignments ("raw"). For each alignment ("raw" and "gblocked"), 100 bootstrap 
trees were generated by parsimony ratchet (Nixon 1999) using the pratchet function (maxit=1000, k=20) 
in the R package phangorn (Schliep 2011). The retention index - ri (Farris 1989) was then calculated for 
each character over all bootstrap trees. The ri's of "raw" and "gblocked" alignments were compared with a 
Mann-Whitney-Wilcoxon Test implemented in R. Alignments where the "gblocked" ri's were 
significantly greater than the "raw" (significance at 0.05) were included in the final concatenated 
alignment, otherwise the "raw" alignment was kept.  
 DNA substitution models were selected using jModeltest v.2.1.3 (Dariba et al. 2012), using the 3 
model scheme with or without four discrete rate categories approximating a gamma distribution (+G) and 
including models with equal/unequal base frequencies (+F). The likelihoods were calculated using a 
Maximum Likelihood optimized base tree with NNI topology search using phyml (Guidon & Gascuel 
2003) and the models were evaluated using AICc criterion.  
3.3. Phylogenetic Analysis  
 Tree inference was performed using the *BEAST method (Heled & Drummond 2010) 
implemented in the program BEAST v.1.7.5 (Drummond et al. 2012) on the NYBG cluster facility. This 
method works in a Bayesian framework and provides joint inference of a species tree topology, 
divergence times (relative here), population sizes, and gene trees (Heled & Drummond 2010). All  
analyses were performed using the selected DNA model under the AICc. The linkage groups were 
partitioned as chloroplast (atpF-atpH + psbK-psbL + trnS-trnG), ETS, ITS and waxy. The molecular 
models and clocks were unlinked across all markers. The molecular clock prior was set to the lognormal 
uncorrelated (hyper prior exponentially distributed with a mean of 1), the tree prior was set to the Birth-
and-Death, the population size was set to constant over time, and the partitions ploidy type were set 
accordingly. We ran three independent analyses of 300 million generations each, sampling every 20,000 
generations. Convergence was assessed using Tracer v.1.5 (Rambaut & Drummond 2007), and runs were 
considered satisfactory with ESS values greater than 200. The stable posterior distributions of the 
independent runs were combined using LogCombiner v.1.7.5 and summarized using TreeAnnotator 
v.1.7.5 (Drummond et al. 2012).    
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3.4. Rogue taxa 
 Rogue taxa are a class of taxa with uncertain position in a phylogenetic tree. For inference 
methods that yield a tree set (such as the one used here), rogue taxa can assume different positions for 
each tree, which can greatly reduce the phylogenetic resolution in the consensus tree (Aberer et al. 2013 
and references therein). Practically, clade support values in a consensus tree and phylogenetic accuracy 
can be improved by removing rogue taxa (Aberer et al. 2013). Here, we used three different methods to 
identify potential rogue taxa: the RogueNaRok (Aberer et al. 2013) and PhySIC_IST (Scornavacca et al. 
2008) software packages and the use of retention index distributions. RogueNaRok takes a tree set as 
input, while PhySIC_IST uses an annotated consensus tree, and for both methods the analysis were 
performed in their respective web servers. For each gene tree partition in the *BEAST analysis, 1000 
trees were sampled from the posterior distribution, all trees were concatenated on a single file for 
RogueNaRok and the 50% majority-rule of this file was calculated and used for PhySIC_IST. 
RogueNaRok parameters were set as: threshold = extended majority-rule consensus, optimize = support, 
maximum dropset size = 1. PhySIC_IST parameters were: bootstrap threshold = 0.8, correction threshold 
= 1. In order to use the emsemble retention index (RI) distributions to identify rogue taxa, a routine in R 
(R Core Team 2014) was implemented as follows: a bootstrap tree set was generated based on the 
concatenated alignment; the RI calculated for all trees; a terminal dropped in all trees; and the RI 
calculated for all trees in the new set. Then the new RI distribution was tested to determine whether it is 
greater than the old one. This process was repeated for all tips in the data set.  The bootstrap trees were 
generated by parsimony ratchet (Nixon 1999) using the pratchet function (maxit=1000, k=20) from the R 
package phangorn (Schliep 2011). The retention index (RI) was calculated using a function from the same 
package. The RI distributions were compared with a Mann-Whitney-Wilcoxon Test, where tips with 
significance at 0.05 were flagged as rogues. The strategy of dropping one tip at a time might be inefficient 
in cases where two or more sister tips are equally rogue. In order to circumvent this issue, for a given tip 
under analysis, the sister tip was dropped before calculation of both RI distributions. The function to 
perform this task is available from the author upon request.  
 Based on the results of the three methods for rogue identification, a new data set was generated 
("rogueless"). Rogue tips identified by at least one of the employed methods were removed from the data 
if a second sample of the same taxon was available and not flagged as rogue. Taxa flagged as rogues 
where only one sample was available were removed or "partially" removed if they were identified by at 
least two methods. For some taxa, only some partitions were removed when a clear pattern of 
incongruence was observed. For instance, if three partitions placed the taxon in one clade while the other 
partition placed that taxon somewhere else, just the later partition was removed. A new species tree 
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analysis was performed (same parameters described above) using the "rogueless" data set and the analysis 
described in the next sections were compared between the complete data set and the "rogueless" data set.   
3.5. Tree distances with coalescent simulations  
 To explore whether phylogenetic uncertainty and/or incomplete lineage sorting (ILS) could 
explain the observed incongruence among gene trees, we calculated tree distance distributions within 
genes, among genes, and to a simulated coalescent gene given the species tree. An overlap between these 
tree distance distributions would indicate that uncertainty and/or ILS might explain the different 
topologies (Joly et al. 2009, Blanco-Pastor et al. 2012). For each partition, 1000 trees from the stable 
posterior distribution were sampled (gene trees recovered by the *BEAST analysis). Additionally, 1000 
coalescent gene trees were simulated using the species tree (also recovered by *BEAST). The simulations 
were based on the method proposed by Rannala & Yang (2003) and were performed using the biopy 
package (Heled 2013). The distance between the trees among each partition, to the simulated trees and 
within partitions were calculated using the treedist function of the R package phangorn (Schliep 2011), 
where the parth.difference metric was employed (Steel & Penny 1993). One thousand distances were 
sampled per comparison and the data was plotted for visualization. The R script to perform this task is 
available from the author upon request.  
3.6. Posterior predictive simulation  
 In order to check the fit of the multispecies coalescent model (*BEAST) to the empirical data, we 
used the R package starbeastPPS (Reid et al. 2013). This analysis uses posterior predictive simulation to 
test whether or not the posterior distribution adequately characterizes the data used to generate it (Reid et 
al. 2013). We employed two tests to assess the ﬁt of the simulated and estimated coalescent genealogies 
to the estimated species tree: the probability of a coalescent genealogy given the species tree, and the 
number of deep coalescences, where the number of deep coalescences for a given gene tree in a given 
species tree is the number of gene lineages in excess of one exiting a population going backward in time, 
summed across all populations (contemporary and ancestral) in the species tree (Reid et al. 2013).  
3.7. Hybridization test 
 Potential hybridization (including hybrid speciation and introgression) was tested using the 
method proposed by Joly et al. (2009). It uses posterior predictive checking to identify statistically 
introgressed sequences when the pairwise distance between sequences found in two distinct species is 
smaller than that expected under a lineage sorting scenario (Joly et al. 2009). This was implemented in 
JML 1.02 (Joly 2012), which uses the code of MCMCcoal (Yang 2007) for gene tree simulation and seq-
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gen (Rambaut & Grassly 1997) for sequence simulation. Simulations were performed using 1000 species 
trees from the stable posterior distribution of the rogueless data set. DNA distances for the waxy partition 
were calculated, and sequences of the same length as the original were simulated using the best 
substitution model and parameter values found for this marker in jModeltest. The relative mutation rate 
used in the simulations was set to the median posterior value obtained from the *BEAST analyses. Given 
the phylogenetic uncertainty observed in our data set, we opted to not test the hybridization hypothesis of 
any particular taxa. Instead, as suggested by Joly (2012), we evaluated the overall adequacy of the model, 
and tested whether or not the observed minimum distances in Leandra s.str. are adequately predicted.   
4. RESULTS 
4.1. Molecular markers and Paralogy 
 Overall, alignment was straightforward and only minor manual modifications were needed. A 
summary of base statistics comparing the "raw" and "gblocked" alignments are presented in Table 2. Our 
analysis suggested that the individual character ri's of atpF-H and trnS-G were improved by Gblocks, 
therefore the "gblocked" alignments of these markers were used in the species tree analysis. For the 
remaining markers the "raw" alignment were kept. The cp spacers atpF-H and trnS-G had the greatest 
numbers of indels (see ratio of "Bases" and "Aligned Bases" in Table 2) and not surprisingly required 
most of the manual modifications.  
 A summary of basic statistics for the alignments used in the species tree analysis is provided in 
Table 2. The concatenated alignment with ambiguous regions removed (i.e., Gblocked data sets) 
presented 3573 aligned base pairs, from which 20% were variable and 10% parsimony informative 
(considering just the ingroup). The relative high amount of missing data in the concatenated alignment 
(11%) is due to two main reasons: (1) To a greater extent for duplicates of species, psbK-psbL and waxy 
were usually not amplified for more than one individual, and (2) to a lesser extent the amplification of 
some regions was not possible for herbarium samples. Although waxy proved to be useful for 
phylogenetic reconstruction and readily aligned, a larger portion of this gene would be more informative 
and desirable for future studies.  
 The presence of a second copy of accD-psaI was confirmed by cloning (see results of L. echinata 
clone 9 in Figure 3). It seems that one of the two copies is greatly favored during PCR. Among sequences 
yielded by direct sequencing, only 13% were from a different copy, while it represented ca. 7% of the 
cloned sequences. In the alignment of accD-psaI of Leandra s.str., the less favored copy is readily 
identifiable by a 9 bp indel at position 146. From the accD-psaI sequences of Melastomataceae available 
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in Genbank, just two sequences seem to share this indel (L. fallacissima - GQ139257 and L. strigilliflora - 
GQ139262), both in Leandra s.str. and considered here. It is possible that the second copy of accD-psaI 
was not amplified or is not present in other Melastomataceae groups. Nonetheless, it is also possible that 
this indel cannot identify a potential second copy outside Leandra s.str. The comparison between the gene 
tree of accD-psaI and the species tree is presented in Figure 2. The sequences of a presumed second copy 
are marked with asterisks in Figure 3. Both trees were pruned to include only species with second copies 
and siblings. Based on all these considerations, we opted to exclude data from this marker in our species 
tree analyses. 
 
Table 2. Comparison between "raw" and "gblocked" alignments. Bases = unaligned base number (average); ri = 
retention index; sd = standard deviation; p-value = Mann-Whitney-Wilcoxon Test (alternative hypothesis is that 
"gblocked" ri values are greater than the "raw").  
 
Raw Gblocked 
 
 
Bases Aligned Bases ri (mean) ri (sd) Bases Aligned Bases ri (mean) ri (sd) p-value 
atpF-H 657 738 0.60 0.42 622 627 0.62 0.41 0.04 
psbK-L 336 364 0.53 0.43 329 330 0.53 0.44 0.24 
trnS-G 776 1128 0.65 0.39 724 730 0.68 0.37 0.000005 
ETS 581 612 0.70 0.35 554 555 0.70 0.35 0.34 
ITS 786 835 0.67 0.36 784 784 0.67 0.36 0.45 
waxy 402 405 0.60 0.36 383 383 0.61 0.35 0.25 
 
 
Table 3. Summary of the molecular markers used in the species tree analysis (all data) of the Gblocked data sets. PIS = 
Parsimony informative sites; Clock Rate is the relative rate estimated for each marker in the *BEAST analysis. DNA 
model = best model estimated under the AICc criterion.  
 
Tips Taxa 
Aligned 
bases 
Variable PIS 
Missing 
Data (%) 
Clock 
Rate 
DNA 
model 
atpF-H 175 123 627 82 (13.1 %) 34 (5.4 %) 0.7 1 F81 + G 
psbK-L 146 111 364 77 (21.2 %) 27 (7.4 %) 0.7 1.55 JC 
trnS-G 171 121 730 119 (16.3 %) 58 (7.9 %) 0.4 1.27 GTR + G 
ETS 186 126 612 236 (38.6 %) 158 (25.8 %) 1.4 2.86 HKY + G 
ITS 186 124 835 121 (14.5 %) 65 (7.8 %) 1.1 1.18 GTR + G 
waxy 143 125 405 90 (22.2 %) 42 (10.4 %) 1.4 1.39 K80 + G 
Concatenated 192 126 3573 725 (20.3 %) 384 (10.7 %) 11.2 - - 
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Figure 2. Comparison between accD-psaI gene tree including cloned sequences and the species tree. In the gene tree * 
indicates the presumed less favored copy obtained from direct sequencing. The gene tree and species tree were pruned to 
include just taxa with paralog sequences and it sister/close related species.  
 
4.2. Phylogeny  
4.2.1. GENE TREES, ROGUE TAXA AND TREE DISTANCES 
  The summary tree of each gene partition recovered by the *BEAST analysis of the complete data 
set are presented in Figs. 3-6. The species tree recovered in the same analysis is provided besides each 
gene tree and a full representation of this species tree, including posterior probabilities, taxon and clade 
labels, is presented in Appendix 2. The six major clades recovered in the species tree are color-coded and 
mapped in the gene trees for visualization. Overall, clade support values in the gene trees are moderate for 
chloroplast and ETS and low for ITS and waxy. Even though clade support is relatively low for waxy, it is 
this partition that seems to show the highest agreement with the species tree regarding the major clades. 
Nonetheless, all gene trees show disagreements with the species tree and with each other to some extent. 
The relationships of the major clades vary across all partitions, although with no support. Noteworthy is 
the placement of the Pleiochiton clade nested within Leandra s.str., and sister to the Cerrado and 
Carassanae clades, in the ITS partition. 
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 Although all major clades present in the species tree were partially or sometimes fully recovered 
in the gene trees, it is evident that some species assume a very distinct phylogenetic position across the 
gene trees. We used three methods to identify rogue taxa and the results are presented in the Figs 3-6 
besides the gene trees and in Appendix 3. A total of 63 terminals were flagged as rogues by at least one 
method (ca. 30 % of the ingroup terminals; PHYSIC_IST flagged 23 terminals, RogueNaRok 32 and RI 
distribution 22). Two terminals were flagged by the three methods, while 17 were flagged by at least two 
methods. RI distribution and PHYSIC_IST shared most of the taxa flagged (10 terminals). Overall, the 
great majority of the taxa that would be flagged as rogue by visual inspection were pointed out by at least 
one method. Nonetheless, other less evident rogues were suggested by those methods. The terminals left 
in gray in Figs. 3-6 (not resolved in any major clade of the species tree) are good examples of rogues in 
our data set. For instance, L. dendroides and L. pendulliflora are placed in the Oxymeris clade by the 
chloroplast while ETS and waxy place them in the Cerrado clade. Other striking examples includes: L. 
acutiflora (chloroplast and waxy = Oxymeris, ETS and ITS = Carassanae); L. mouraei (chloroplast = 
Carassanae, ETS and ITS = Oxymeris); Ossaea suprabasalis (chloroplast = Leandraria, ETS, ITS and 
waxy = Cerrado); O. warmingiana (chloroplast and waxy = Cerrado, ETS and ITS = Leandraria); among 
others.  
 We simulated gene trees under the coalescent model given the species trees recovered in our 
analysis. The tree distances within partitions, among partitions and to the simulated trees are presented in 
Fig. 7. For most partitions it seems that uncertainty does not explain most of the observed distances 
between the trees, but for waxy uncertainty seems more prominent (Fig. 7D - overlap of "within" and the 
other distributions). Overall, for all partitions it seems that the tree distances could be explained by a 
scenario that incorporates ILS, since in every case the distances to the simulated gene trees are highly 
overlapping with the distances to the other partitions.    
 Clade support in the species tree is, in general, very low (see Appendix 2). The exceptions are the 
two basal most nodes (Pleiochiton + Leandra s.str. and Leandra s.str) and some small derived clades. The 
incongruence among partitions associated with the rogue taxa very likely are contributing to this. Based 
on the results of this first species tree and rogue taxa analyses, some terminals were fully or partially 
removed and the results of this new data set ("rogueless") are presented in the next section. The partitions 
dropped are indicated in Figs. 3-6 (fourth column of the matrix) and in Appendix 3. The only two taxa 
that were totally removed from the new analysis (no duplicates left) were the sister species  L. 
hatschbachii and L. planifilamentosa. 
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Figure 3. Chloroplast gene tree (right) color-coded by the major clades recovered in the species tree (left) using the 
complete data set. Clade labels and posterior probabilities for the nodes are given in the legend. The four column matrix 
next to the tree summarize the results of the rogue taxa analysis. Column 1 = PHYSIC_IST; Column 2 = RogueNaRok; 
Column 3 = RI distribution; Column 4 = partitions dropped in the "rogueless" data set (in grey the ones removed for all 
genes, in red the ones removed for this partition). Outgroups not shown (see Appendix 2).    
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Figure 4. ETS gene tree (right) color-coded by the major clades recovered in the species tree (left) using the complete data 
set. Clade labels and posterior probabilities for the nodes are given in the legend. The four column matrix next to the tree 
summarize the results of the rogue taxa analysis. Column 1 = PHYSIC_IST; Column 2 = RogueNaRok; Column 3 = RI 
distribution; Column 4 = partitions dropped in the "rogueless" data set (in grey the ones removed for all genes, in red the 
ones removed for this partition). Outgroups not shown (see Appendix 2).       
Phylogeny of Leandra s.str.     15 
 
 
 
 
Figure 5. ITS gene tree (right) color-coded by the major clades recovered in the species tree (left) using the complete data 
set. Clade labels and posterior probabilities for the nodes are given in the legend. The four column matrix next to the tree 
summarize the results of the rogue taxa analysis. Column 1 = PHYSIC_IST; Column 2 = RogueNaRok; Column 3 = RI 
distribution; Column 4 = partitions dropped in the "rogueless" data set (in grey the ones removed for all genes, in red the 
ones removed for this partition). Outgroups not shown (see Appendix 2).       
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Figure 6. Waxy gene tree (right) color-coded by the major clades recovered in the species tree (left) using the complete 
data set. Clade labels and posterior probabilities for the nodes are given in the legend. The four column matrix next to the 
tree summarize the results of the rogue taxa analysis. Column 1 = PHYSIC_IST; Column 2 = RogueNaRok; Column 3 = 
RI distribution; Column 4 = partitions dropped in the "rogueless" data set (in grey the ones removed for all genes, in red 
the ones removed for this partition). Outgroups not shown (see Appendix 2).       
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Figure 7. Tree distances within partitions, among partitions and to simulated gene trees under the coalescent model given 
the species tree (all data set). A. Chloroplast. B. ETS. C. ITS. D. Waxy. 
 
4.2.2. SPECIES TREE, POSTERIOR PREDICTIVE SIMULATION AND HYBRIDIZATION TEST  
  The summary tree of the species tree analysis, where some rogue taxa partitions were dropped 
(rogueless data set) is presented in Fig. 8. Major clades and some groups inside the most diverse clade 
(Carassanae) are informally labeled. Overall, with some slight difference, the summary tree presents the 
same major clades recovered in the complete data set analysis, with several nodes presenting low support. 
Nonetheless, in the rogueless data set analysis clade support increases for most major clades, including 
remarkably in the Leandraria, Oxymeris and Carassanae + Capixabae clades (Table 4). Although with 
low support, one major change observed among data sets is the position of Cerrado clade, which is sister 
to Leandraria in the complete data set, while it is placed sister to Capixabae + Carassanae clade in the 
rogueless analysis.  
 The taxonomic composition of major clades is presented in Table 5. The Pleiochiton clade 
includes every species in the genus Pleiochiton in addition to two species of Leandra, one Miconia and 
two Clidemia. The Leandraria clade primarily includes the species currently placed in Leandra section 
Leandraria, which is scarcely represented in the other clades. The Oxymeris clade is primarily composed 
by members of sections Oxymeris and Chaetodon, while Capixabae and Carassanae clades are composed 
mainly by species of section Carassanae. The latter clade also includes almost all species of section 
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Niangae. Species currently placed in the genus Ossaea are found in all clades but Oxymeris and 
Pleiochiton.  
 Posterior predictive simulation results for both the complete and rogueless data sets are presented 
in Fig. 9. The results for the test of the ﬁt of coalescent genealogies indicate that the chloroplast partition 
has a significant excess of deep coalescences in the complete data set (Fig. 9B), while in the rogueless 
data set this is not observed (Fig. 9J). The ETS partition tends to have a deficit of deep coalescences in 
both data sets, but this result is not significant (Fig. 9D and L). Overall, the waxy partition seems to 
present the best match between simulated and empirical data. Significant deviation in the probability of 
coalescent genealogy is not observed in any partition of either data sets (complete or rogueless).  
 We tested the overall adequacy of the Leandra s.str. species tree model using observed and 
simulated sequences of the waxy partition. The results show several instances in which the observed 
minimum distances between species are not adequately predicted. The observed genetic distances and 
probabilities of the species presenting DNA distances that are smaller than would be expected under a 
incomplete lineage sorting scenario are given in Appendix 4.  
Table 4. Major clades posterior probabilities comparison between the complete and rogueless data sets.   
 Leandra s.str. Pleiochiton Leandraria Oxymeris Cerrado Carassanae + Capixabae 
All  1 0.68 0.64 0.61 0.23 0.61 
Rogueless 1 0.77 1 0.97 0.57 0.97 
Table 5. Taxonomic composition of the major clades recovered in this work. Percentages and absolute numbers (within 
parenthesis) are given; * indicates not assigned to any section in the genus Leandra. This table includes only the taxa 
sampled in the phylogeny.  
 
Capixabae Carassanae Cerrado Leandraria Oxymeris Pleiochiton 
Leandra sect. Carassanae 55% (6) 47% (22) 0 6% (1) 4% (1) 15% (2) 
Leandra sect. Chaetodon 0 21% (10) 30% (3) 0 31% (8) 0 
Leandra sect. Leandraria 0 0 0 59% (10) 4% (1) 0 
Leandra sect. Niangae 0 21% (10) 0 0 4% (1) 0 
Leandra sect. Oxymeris 9% (1) 0 0 0 58% (15) 0 
Leandra * 18% (2) 4% (2) 20% (2) 6% (1) 0 0 
Clidemia 0 0 0 6% (1) 0 15% (2) 
Miconia 0 0 0 0 0 8% (1) 
Ossaea 18% (2) 6% (3) 50% (5) 24% (4) 0 0 
Pleiochiton 0 0 0 0 0 62% (8) 
Total 11 47 10 17 26 13 
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Figure 8. Species tree from the rogueless data set. Outgroups not shown (see Appendix 2). Posterior probabilities values 
for nodes and the clade labels follow the legends. 
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Figure 9. Posterior predictive simulations results for Leandra s.str., where the ﬁt of coalescent genealogies were checked. 
A-H. "all" data set. I-P. "rogueless" data set. Distributions of test statistics are shown, where the dashed line is the 
expectation (0), and gray bars indicate the boundaries of the 95% and 99% highest posterior predictive density intervals. 
The * indicates a significant result (poor fit).  
5. DISCUSSION 
5.1. Systematics 
 Leandra s.str. + Pleiochiton is recovered with high probability, supporting the result observed in 
the two previous phylogenies presented by Martin et al. (2008) and Goldenberg et al. (2008). 
Nonetheless, one major difference is the sister relationship of the Pleiochiton clade to the remaining 
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species of Leandra s.str. In the earlier  studies, the former clade was recovered nested in Leandra s.str. 
From a taxonomic perspective, this new relationship would eliminate the need of lumping Pleiochiton 
under Leandra, due to the potential paraphyly of the Leandra genus caused by Pleiochiton, one of the 
scenarios discussed by Reginato et al. (2010). Nonetheless, as extensively observed in other taxonomic 
ranks in the Melastomataceae (Penneys et al. 2010, Goldenberg et al. 2012, Michelangeli et al. 2013), 
taxonomic transfers to both Pleiochiton and Leandra will be necessary to achieve monophyly for these 
genera (to be discussed elsewhere). Within Leandra s.str., all previous studies recovered very low 
resolution inside the clade and had significantly fewer taxa sampled, preventing meaningful comparisons. 
Although, some of the major clades recovered here closely approximate traditional sections of Leandra 
(Cogniaux 1891), such as the Leandraria clade and, to a lesser extent, the Oxymeris clade, a new infra 
classification for Leandra will be necessary. The artificiality of the infrageneric taxonomy of Leandra is 
not surprising, and had been suggested by pre-phylogenetic studies (Wurdack 1962). The two main 
characters used to circumscribe the sections (inflorescences and pubescence) commonly show 
overlapping states, which have prevented the unambiguous sectional placement of several recently 
described species (Camargo & Goldenberg 2011, Reginato & Goldenberg 2013). The combination of a 
few characters with unclear state boundaries associated with morphological homoplasy might explain the 
taxonomic artificiality confirmed by our analysis.  
 The Pleiochiton clade (clade I, Fig. 8) includes all the epiphytic species of the genus Pleiochiton 
and the hemi-epiphytic and morphologically similar Clidemia fluminensis (Reginato et al. 2013). 
Surprisingly, the remaining basal species in this clade are terrestrial shrubs. Nonetheless, they seem to 
share flower and seed morphological features with the epiphytic members (Chapter 3, Reginato in prep.). 
Despite the inclusion of the new members in this clade, the epiphytic habit seems to have evolved just 
once, with no reversion to terrestrial habit, as suggested by Reginato et al. (2010). The Leandraria and 
Oxymeris clades also tend to present flower and seed characters conserved among its members (Chapter 
3), while in Oxymeris a strong climatic niche conservatism is also observed (Chapter 5). The Cerrado 
clade is weakly supported and presents a heterogeneous assembly of taxa regarding flower and seed 
morphology (Chapter 3). Nonetheless, the species in the Cerrado clade present a common geographical 
distribution, being exclusively found in that region (Chapter 5). The Capixabae clade, although weakly 
supported, also presents strong geographical integrity, with most species endemic to the state of Espírito 
Santo (Chapter 5). The Carassanae clade seems to be the most diverse, by being morphologically variable 
in flowers and seeds (Chapter 3, Reginato in prep.) and geographically widespread (Chapter 4). Although, 
some morphologically cohesive sub-clades are observed, such as L. aurea and L. nianga groups, 
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morphological and geographical delimitation among its groups and to Capixabae clade seems to be more 
overlapping (Chapter 3, Reginato et al. in prep.).   
5.2. Incongruent patterns and processes  
 A high level of gene tree discordance is observed in Leandra s.str. This topic has received little 
attention in Melastomataceae, probably because earlier studies were based on limited data sets, but the 
recognition that evolutionary trees from different genes often have conflicting branching patterns is well 
established for many plant and animal groups (reviewed in Degnan & Rosenberg 2009). Furthermore, 
new analytical and simulation tools have increasingly found that high levels of discordance are often 
expected (Degnan & Rosenberg 2009). This was observed in the tree simulations of Leandra s.str., where 
it was found that the discordant patterns across partitions do not differ from the expectation under an 
incomplete lineage sorting scenario. Most strikingly, simulations also revealed that methods such as 
concatenation can be more likely to result in an incorrect species tree as more data are added (Degnan & 
Rosenberg 2009). Here, we avoided the concatenation method and applied the multispecies coalescent 
model (*BEAST) to infer a robust species tree of Leandra s.str. Additionally, we applied two methods 
that aim to identify rogue taxa by taking into account support increase (RogueNaRok and PHYSIC_IST), 
and proposed measuring retention index (RI) improvement. The three methods identified common taxa as 
rogues, but also flagged other different species, and no apparent advantage of a particular method can be 
highlighted. In general, we used a consensus among at least two methods to flag rogues and drop species 
partitions in our data set. Nonetheless, further simulation studies and/or new methods are necessary to 
evaluate the potentially different nuances and behavior of the methods across different data sets. Rogue 
taxa identification seems to be an overlooked step in phylogenetic analysis. The species tree recovered 
using the rogueless data set showed strong improvement in support in some key nodes of the Leandra 
s.str. phylogeny, in agreement with simulation studies that detected a linear relationship between the 
increase of support and agreement with the true tree after pruning rogues (Aberer et al. 2013).  
 Given that all phylogenetic methods make some simplifying assumptions, which are known to be 
frequently violated, checking model fit becomes an important step in the species tree inference (Reid et al. 
2013). At the level of the coalescent genealogies, we found evidence of poor model ﬁt in the complete 
data set, where the chloroplast showed a significant excess of deep coalescences, indicating discrepancy 
between gene trees and species trees (Reid et al. 2013). On the other hand, after removing some rogue 
taxa the results were not significant (rogueless data set). Poor fit can be a sign that processes other than 
ILS, such as hybridization, migration, selection, gene duplication/extinction, might have shaped 
individual gene genealogies (Reid et al. 2013). Such processes can mislead tree inference, and in the case 
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of hybridization, the consequences may be severe, as species divergences are forced to post‐date gene 
divergence (Reid et al. 2013, Leaché et al. 2014). 
 Hybridization has been recognized as an important force in generating species diversity in 
angiosperms, and a significant portion of speciation events in this group involve hybridization (Soltis & 
Soltis 2009). We investigated the presence of hybridization in Leandra s.str. using the method proposed 
by Joly et al. (2009), which uses the limit imposed by ILS to the minimum expected distance between 
sequences of two species to test if ILS accounts for the underlying data. Our results indicated evidence of 
introgressed sequences in this group. Although this method to detect hybridization accounts for the 
uncertainty in the species tree estimation (Joly 2012), it still relies heavily on the estimated parameters of 
this analysis. Using gene regions that are subject to recombination/concerted evolution for estimating 
population sizes and divergence times could potentially affect inferences made using this test (Joly et al. 
2009). Both ITS and ETS loci belong to a large gene family that is known to be affected by recombination 
and concerted evolution (Joly et al. 2009 and references therein). Some patterns resulting from concerted 
evolution could potentially bias the estimates of population sizes toward lower values and cause the loci 
to coalesce faster (Joly et al. 2009). Although the ribosomal markers were not used in the hybridization 
test, the species tree estimation included those markers. Further studies should consider using more low-
copy nuclear regions to avoid the potential bias caused by concerted evolution in the estimation of species 
trees. Despite a possible uncertainty regarding which particular species is introgressed, several taxa 
presented significant values, indicating several instances of species comparisons where the model cannot 
adequately predict the observed minimum distances (Joly 2012). Thus, a strictly bifurcating species tree 
model seems to not account for the observed data in Leandra s.str., probably because of the presence of 
hybridization or undetected gene duplication. 
 Undetected gene duplication is a well-known misleading factor in phylogenetic inference 
(Degnan & Rosenberg 2009). Here, we detected the presence of a second copy of a commonly used 
chloroplast marker (accD-psaI) in phylogenetic inference of Melastomataceae. Ongoing genetic transfer 
from plastids into the nucleus and mitochondria is well-documented (Arthofer et al. 2010), and the 
occurrence of accD pseudogenes have been reported for other plant groups (Straub et al. 2011 and 
references therein). The location of the second copy of accD-psaI in Leandra s.str. remains unclear, but 
the amplification ratio of the two copies could be explained by a scenario where one copy is in the 
chloroplast and the less favored copy located in the nucleus.  
 Another potential source of poor fit in the multispecies coalescent approach occurs when species 
assignments have been made incorrectly (Reid et al. 2013). Here we adopted a relaxed and conservative 
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approach in the species delimitations, where stringent species assignments were not forced. For instance, 
some taxa that have been suggested to be synonyms of other species or with no clear morphological 
circumscription were treated as different species (L. lacunosa, L. sabiaensis and several species in the L. 
aurea group, among others). The main objective and design of our study aimed to provide a phylogenetic 
hypothesis for the species in Leandra s.str. Polyphyly of some species (L. melastomoides and Ossaea 
suprabasalis) and the non-sister relationship of some morphologically similar taxa (L. itatiaiae/L. 
eichleri, O. sanguinea/O. marginata, L. aurea/L. lacunosa, among others) observed in our analysis should 
be further considered with adequate data sets.  
5.3. The role of hybridization  
 Leandra s.str. is a poorly known group of plants for with limited ecological, cytological and 
reproductive data. Noteworthy, is the high prevalence of apomictic species identified among the few taxa 
that have been studied. Populations from 12 species of Leandra s.str. have been tested for apomixis, from 
which nine turned out to be positive (Saraiva et al. 1996, Goldenberg & Sheperd 2008, Maia 2013). 
Apomixis is reproduction by seeds that are formed asexually, combining the benefits of seed dispersal 
with those of asexual reproduction (Hojsgaard et al. 2014 and references therein). However, apomixis and 
sexuality are not exclusive traits, as almost all apomictic plants exhibit facultative sexual reproduction 
(Hojsgaard et al. 2014).  
 Historically, apomixis has been suggested to be an evolutionary dead end, based on the 
assumption that loss of genotype heterogeneity in populations would result in loss of potential to adapt to 
environmental change (Hojsgaard et al. 2014 and references therein). Despite the potentially high 
prevalence of apomixis in Leandra s.str., the group is one of the most diverse lineages of plants in the 
Atlantic Forest (Stehmann et al. 2009, Chapter 5). Recent observations that apomictic complexes harbor 
considerable genetic variability in addition to the prevalent distribution of apomixis among large 
angiosperm families suggest a different scenario for apomixis (Hojsgaard et al. 2014). Additionally, only 
recently have evolutionists come to regard genetic introgression as an important and pervasive 
mechanism in speciation, in the maintenance of genetic diversity and in the introduction of advantageous 
novelty into the gene pool (Seehausen 2004). It has been hypothesized that recombination among 
facultative apomicts coupled with wide hybridization increases genetic diversity and adaptive potential in 
these groups (Hörandl & Paun 2007). Given our current data, the coupling of these two processes might 
be an important evolutionary force in Leandra s.str. Other diverse plant groups where apomixis and 
hybridization are both common processes includes Hieracium (Fehrer et al. 2007), Ranunculus (Hörandl 
et al. 2005), and several genera in the Rosaceae (Gehrke et al. 2008), among others.  
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 Plant species are prevented from interbreeding by both premating and postmating isolating 
mechanisms, where premating isolating mechanisms may be broadly geographic or ecological (Soltis & 
Soltis 2009). Pollinators specificity play a major role in isolating species, and differences in flowering 
phenology may also prevent species interbreeding (Soltis & Soltis 2009). In Leandra s.str., current data 
indicates sympatric speciation as the predominant mode in the group (Chapter 5), while flower 
morphology, which ultimately would correlate with pollinators, tend to be conserved among close 
relatives (Chapter 3). Phenology and postmating mechanisms are largely unknown and detailed natural 
history studies could help elucidate the mode of speciation in large tropical adaptive radiations such as 
this one.    
6. CONCLUSIONS 
 In summary, we present a comprehensive phylogeny of Leandra s.str. that recovers major 
lineages while accounting for factors that may confound phylogenetic inference. Improved prospects for 
further resolving Leandra s.str. phylogenetic relationships will require more additional gene genealogies 
to be sampled. Despite a few odd and rare species not included in this study, increased taxon sampling 
will inevitably require a review of species circumscriptions. Here, we tested for the first time the presence 
of hybridization in the megadiverse Melastomataceae and detected the presence of a second copy of a 
chloroplast marker in Leandra s.str. Results presented here highlight the importance of data filtering and 
model checking in order to find a more accurate hypothesis of the species tree. Furthermore, we have 
demonstrated that basic assumptions of phylogenetic inference, such as strict bifurcating trees and 
homology of markers, might have been violated and deserve special attention in the Melastomataceae. 
The addition of different gene genealogies might help to narrow down the conﬁdence intervals of both 
relationships and the role of hybridization in Leandra s.str.  
 
 
7. APPENDICES 
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Appendix 1. Specimens included in this study, with locality and voucher information. Vouchers deposited at NY.  
Terminal Lab-Code Country State Collector Number 
Clidemia atrata T-1900 Brazil Rio de Janeiro Matos, F.B. 2061 
Clidemia capilliflora T-1809 Brazil Espírito Santo Reginato, M. 1206 
Clidemia capilliflora T-530 Brazil Bahia Goldenberg, R. 842 
Clidemia fluminensis T-1755 Brazil Espírito Santo Reginato, M. 1194 
Leandra acutiflora T-1534 Brazil Rio de Janeiro Reginato, M. 1106 
Leandra acutiflora T-464 Brazil Paraná Goldenberg, R. 700 
Leandra adenothrix CVM171 Brazil Minas Gerais Irwin, H.S. 26014 
Leandra adenothrix T-2228 Brazil Goiás Reginato, M. 1383 
Leandra alpestris T-1530 Brazil Rio de Janeiro Almeda, F. 9762 
Leandra amplexicaulis T-2105 Brazil Rio de Janeiro Reginato, M. 1336 
Leandra amplexicaulis T-466 Brazil Paraná Goldenberg, R. 723 
Leandra amplexicaulis T-2102 Brazil Rio de Janeiro Reginato, M. 1213 
Leandra aspera T-1910 Brazil Espírito Santo Meirelles, J. 300 
Leandra aurea T-1904 Bolivia Santa Cruz Villaroel, D. 1358 
Leandra aurea T-685 Brazil Bahia Paixão, J.L. 719 
Leandra aurea T-1611 Bolivia La Paz Solomon 12533 
Leandra australis T-465 Brazil Paraná Goldenberg, R. 712 
Leandra barbinervis T-394 Brazil Paraná Goldenberg, R. 734 
Leandra barbinervis T-416 Brazil São Paulo Goldenberg, R. 772 
Leandra blanchetiana T-1213 Brazil Bahia Santos, A. K. A. 761 
Leandra blanchetiana T-687 Brazil Bahia Santos, A. K. A. 781 
Leandra brackenridgei T-1894 Brazil São Paulo Reginato, M. 1317 
Leandra breviflora T-1433 Brazil Rio de Janeiro Reginato, M. 1130 
Leandra calvescens T-1527 Brazil São Paulo Almeda, F. 9839 
Leandra cancellata T-1526 Brazil Minas Gerais Almeda, F. 9641 
Leandra carassana T-1470 Brazil Rio de Janeiro Reginato, M. 1113 
Leandra carassana T-1512 Brazil Santa Catarina Reginato, M. 1056 
Leandra carassana T-467 Brazil Paraná Goldenberg, R. 728 
Leandra carassana T-473 Brazil Paraná Goldenberg, R. 789 
Leandra cardiophylla T-369 Brazil Paraná Goldenberg, R. 708 
Leandra catharinensis T-973 Brazil Paraná Goldenberg, R. 922 
Leandra collina T-1896 Brazil São Paulo Reginato, M. 1328 
Leandra cordigera T-916 Brazil Paraná Goldenberg, R. 1029 
Leandra coriacea T-1434 Brazil Minas Gerais Caddah, M.K. 396 
Leandra crenata T-1903 Bolivia Chuquisaca Gutierrez, J. 928 
Leandra crenata T-1905 Bolivia Chuquisaca Villalobos, J. 258 
Leandra crenata T-1612 Peru Cusco Boeke, J.D. 3261 
Leandra cristata T-1743 Brazil Espírito Santo Goldenberg, R. 1524 
Leandra dendroides T-1437 Brazil Minas Gerais Almeda, F. 9659 
Leandra dendroides T-1912 Brazil Minas Gerais Reginato, M. 1176 
Leandra dentata T-1524 Brazil Rio de Janeiro Almeda, F. 9775 
Leandra diffusa T-1744 Brazil Espírito Santo Goldenberg, R. 1528 
Leandra diffusa T-1750 Brazil Espírito Santo Goldenberg, R. 1533 
Leandra echinata T-367 Brazil Paraná Goldenberg, R. 706 
Leandra eichleri T-1901 Brazil Rio de Janeiro Caddah, M.K. 451 
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Terminal Lab-Code Country State Collector Number 
Leandra erostrata T-1468 Brazil Paraná Reginato, M. 1096 
Leandra erostrata T-1907 Bolivia Chuquisaca Serrano, M. 6920 
Leandra erostrata T-1913 Brazil Minas Gerais Reginato, M. 1178 
Leandra euphorbioides T-2179 Brazil Minas Gerais Souza, V.C. 2038 
Leandra fallacissima T-661 Brazil Espírito Santo Goldenberg, R. 918 
Leandra fallax T-1445 Brazil Rio de Janeiro Reginato, M. 1136 
Leandra fallax T-1914 Brazil Espírito Santo Reginato, M. 1198 
Leandra fluminensis T-1745 Brazil Minas Gerais Goldenberg, R. 1503 
Leandra fontanae T-1746 Brazil Espírito Santo Reginato, M. 1190 
Leandra foveolata T-873 Brazil Rio de Janeiro Guimarães, P.J. 303 
Leandra fragilis T-1916 Brazil Bahia Reginato, M. 1267 
Leandra glabrata T-438 Brazil Paraná Goldenberg, R. 742 
Leandra glazioviana T-468 Brazil Paraná Goldenberg, R. 740 
Leandra gracilis T-1440 Brazil Rio de Janeiro Reginato, M. 1137 
Leandra gynoverrucosa T-1520 Brazil Minas Gerais Hatschbach, G.G. 45546 
Leandra hatschbachii T-392 Brazil Paraná Goldenberg, R. 796 
Leandra heteroporata T-1812 Brazil Tocantins Forzza, R.C. 2615 
Leandra hirta T-1449 Brazil Rio de Janeiro Caddah, M.K. 460 
Leandra hirta T-1892 Brazil Rio de Janeiro Reginato, M. 1305 
Leandra hirta T-1088 Brazil Espírito Santo Goldenberg, R. 1099 
Leandra hirta T-2104 Brazil Bahia Reginato, M. 1282 
Leandra hirtella T-1436 Brazil Paraná Reginato, M. 1089 
Leandra hirtella T-476 Brazil Paraná Liebsch, D. 1085 
Leandra humilis T-1110 Brazil Paraná Goldenberg, R. 1030 
Leandra humilis T-377 Brazil Paraná Goldenberg, R. 799 
Leandra ionopogon T-1888 Brazil Rio de Janeiro Reginato, M. 1269 
Leandra ionopogon T-452 Brazil São Paulo Goldenberg, R. 779 
Leandra itatiaiae T-378 Brazil Paraná Goldenberg, R. 801 
Leandra lacunosa T-462 Brazil Paraná Goldenberg, R. 695 
Leandra laevigata T-1438 Brazil Paraná Reginato, M. 1085 
Leandra laevigata T-1518 Brazil Rio de Janeiro Reginato, M. 1140 
Leandra lancifolia T-1471 Brazil Rio de Janeiro Reginato, M. 1148 
Leandra lapae 3_Ex21 Brazil São Paulo Reginato, M. 1468 
Leandra laxa T-1525 Brazil Rio de Janeiro Reginato, M. 1134 
Leandra magdalenensis T-1747 Brazil Rio de Janeiro Reginato, M. 1222 
Leandra melastoglabroides T-1519 Brazil Minas Gerais Amorim, A.M. 5904 
Leandra melastomoides T-391 Brazil São Paulo Goldenberg, R. 767 
Leandra melastomoides CVM179 Brazil Minas Gerais Nakajima 1989 
Leandra melastomoides 1_Ex21 Brazil Rio de Janeiro Reginato, M. 1101 
Leandra miconiastrum T-2233 Brazil São Paulo Reginato, M. 1438 
Leandra microphylla T-475 Brazil Paraná Goldenberg, R. 818 
Leandra mollis T-1517 Brazil Rio de Janeiro Reginato, M. 1128 
Leandra mouraei T-1442 Brazil Rio de Janeiro Reginato, M. 1111 
Leandra multiplinervis T-1042 Brazil Espírito Santo Goldenberg, R. 1179 
Leandra multiplinervis T-1455 Brazil Rio de Janeiro Almeda, F. 9770 
Leandra multiplinervis T-1754 Guatemala Baja Verapaz Kriebel, R. 5574 
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Terminal Lab-Code Country State Collector Number 
Leandra multiplinervis T-388 Brazil Paraná Goldenberg, R. 790 
Leandra multisetosa T-1535 Brazil Rio de Janeiro Reginato, M. 1138 
Leandra nana T-2232 Brazil Minas Gerais Reginato, M. 1427 
Leandra neurotricha T-1528 Brazil São Paulo Almeda, F. 9836 
Leandra nianga T-1444 Brazil Rio de Janeiro Reginato, M. 1125 
Leandra pallida T-1919 Brazil Rio de Janeiro Reginato, M. 1349 
Leandra pallida T-2100 Brazil Rio de Janeiro Caddah, M.K. 747 
Leandra paulina T-463 Brazil Paraná Goldenberg, R. 697 
Leandra penduliflora T-2230 Brazil Minas Gerais Reginato, M. 1418 
Leandra pennipilis T-1899 Brazil Minas Gerais Reginato, M. 1353 
Leandra pilonensis T-573 Brazil São Paulo Goldenberg, R. 762 
Leandra planifilamentosa T-1446 Brazil Rio Grande do Sul Reginato, M. 1065 
Leandra polychaeta T-1748 Brazil Minas Gerais Reginato, M. 1173 
Leandra polystachya T-1906 Bolivia Chuquisaca Serrano, M. 6855 
Leandra polystachya T-443 Brazil Paraná Goldenberg, R. 817 
Leandra purpurascens T-455 Brazil Paraná Goldenberg, R. 729 
Leandra purpureo-villosa T-1443 Brazil Santa Catarina Reginato, M. 1053 
Leandra purpureo-villosa T-419 Brazil Paraná Goldenberg, R. 696 
Leandra quinquedentata T-1529 Brazil Rio de Janeiro Reginato, M. 1112 
Leandra quinquedentata T-474 Brazil Paraná Goldenberg, R. 800 
Leandra quinquenodis T-864 Brazil Rio de Janeiro Guimarães, P.J. 302 
Leandra refracta T-1516 Brazil Rio de Janeiro Reginato, M. 1109 
Leandra refracta T-368 Brazil Paraná Goldenberg, R. 707 
Leandra regnellii T-1513 Brazil Rio Grande do Sul Reginato, M. 1072 
Leandra regnellii T-1902 Bolivia Tarija Huayill, H. 1580 
Leandra regnellii T-454 Brazil Paraná Goldenberg, R. 711 
Leandra regnellii T-1614 Mexico Guerrero Reveal, J.L. 4345 
Leandra reitzii T-472 Brazil Paraná Goldenberg, R. 788 
Leandra reptans T-1749 Brazil Espírito Santo Goldenberg, R. 1532 
Leandra ribesiaeflora T-1895 Brazil São Paulo Reginato, M. 1324 
Leandra riedeliana T-1806 Brazil Minas Gerais Reginato, M. 1167 
Leandra rigida T-1447 Brazil Minas Gerais Caddah, M.K. 369 
Leandra riograndensis T-387 Brazil Paraná Goldenberg, R. 787 
Leandra sabiaensis T-1439 Brazil Paraná Reginato, M. 1082 
Leandra sabiaensis T-389 Brazil Paraná Goldenberg, R. 791 
Leandra salicina T-1911 Brazil Minas Gerais Goldenberg, R. 1494 
Leandra salicina T-535 Brazil Bahia Santos, A. K. A. 814 
Leandra santos-limae T-1893 Brazil São Paulo Reginato, M. 1315 
Leandra scabra T-1441 Brazil Rio de Janeiro Reginato, M. 1123 
Leandra sericea T-1448 Brazil Rio de Janeiro Caddah, M.K. 459 
Leandra strigilliflora T-1918 Brazil Rio de Janeiro Reginato, M. 1331 
Leandra strigilliflora T-471 Brazil São Paulo Goldenberg, R. 773 
Leandra strigilliflora T-534 Brazil Espiritu Santo Kollman, L. 8847 
Leandra strigilliflora T-1715 Brazil Espírito Santo Michelangeli, F.A. 1610 
Leandra sulfurea T-442 Brazil Paraná Goldenberg, R. 798 
Leandra tetraquetra T-2103 Brazil Paraná Reginato, M. 1095 
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Terminal Lab-Code Country State Collector Number 
Leandra tetraquetra T-413 Brazil Paraná Goldenberg, R. 807 
Leandra therezopolitana T-1450 Brazil Rio de Janeiro Reginato, M. 1097 
Leandra tomentosa T-1533 Brazil Espírito Santo Meirelles, J. 470 
Leandra triantha T-814 Brazil Espírito Santo Goldenberg, R. 903 
Leandra triantha T-1756 Brazil Espírito Santo Reginato, M. 1204 
Leandra ulaei CVM217 Brazil Santa Catarina NY 520793 
Leandra ulaei 2_Ex21 Brazil Santa Catarina Reginato, M. 1454 
Leandra umbellata T-2101 Brazil Rio de Janeiro Reginato, M. 1335 
Leandra umbellata T-1897 Brazil Rio de Janeiro Reginato, M. 1334 
Leandra variabilis T-1915 Brazil Espírito Santo Reginato, M. 1202 
Leandra variabilis T-370 Brazil Paraná Goldenberg, R. 709 
Leandra vesiculosa T-1898 Brazil Rio de Janeiro Reginato, M. 1345 
Leandra warmingiana T-2358B Brazil Minas Gerais Reginato, M. 1399 
Leandra xanthocoma T-393 Brazil Paraná Goldenberg, R. 731 
Leandra xantholasia T-1469 Brazil Rio de Janeiro Reginato, M. 1118 
Leandra xanthostachya T-1451 Brazil Rio de Janeiro Reginato, M. 1105 
Leandra xanthostachya T-395 Brazil Paraná Goldenberg, R. 738 
Miconia labiakiana T-533 Brazil Espiritu Santo Kollman, L. 8846 
Miconia labiakiana T-1810 Brazil Espírito Santo Goldenberg, R. 1524 
Ossaea amygdaloides T-1891 Brazil Bahia Reginato, M. 1304 
Ossaea amygdaloides T-926 Brazil Paraná Goldenberg, R. 713 
Ossaea angustifolia T-1917 Brazil Bahia Reginato, M. 1295 
Ossaea angustifolia T-1751 Brazil Espírito Santo Reginato, M. 1201 
Ossaea angustifolia T-663 Brazil Espírito Santo Goldenberg, R. 910 
Ossaea cabraliensis T-1889 Brazil Bahia Reginato, M. 1290 
Ossaea cinnamomifolia T-1753 Brazil Minas Gerais Goldenberg, R. 1515 
Ossaea cogniauxii T-2231 Brazil Minas Gerais Reginato, M. 1419 
Ossaea confertiflora T-928 Brazil São Paulo Goldenberg, R. 766 
Ossaea congestiflora CVM162 Brazil Minas Gerais Romero, R. 5056 
Ossaea congestiflora T-1908 Brazil Goiás Almeda, F. 9515 
Ossaea consimilis T-1890 Brazil Bahia Reginato, M. 1303 
Ossaea coriacea T-1752 Brazil Minas Gerais Reginato, M. 1177 
Ossaea loligomorpha T-1511 Brazil Bahia Amorim, A.M. 6877 
Ossaea loligomorpha 4_Ex21 Brazil Bahia Goldenberg, R. 1777 
Ossaea marginata T-1909 Brazil Rio de Janeiro Reginato, M. 1143 
Ossaea marginata T-927 Brazil Paraná Goldenberg, R. 753 
Ossaea sanguinea T-532 Brazil Paraná Matos, F.B. 1140 
Ossaea suprabasalis T-664 Brazil Espírito Santo Goldenberg, R. 885 
Ossaea suprabasalis T-1757 Brazil Espírito Santo Goldenberg, R. 1527 
Ossaea suprabasalis 5_Ex21 Brazil Bahia Goldenberg, R. 1787 
Ossaea warmingiana T-2229 Brazil Distrito Federal Reginato, M. 1385 
Pleiochiton amorimii T-671 Brazil Bahia Amorim, A.M. 6979 
Pleiochiton blepharodes T-652 Brazil São Paulo Santos, A. K. A. 699 
Pleiochiton blepharodes T-668 Brazil Espírito Santo Goldenberg, R. 894 
Pleiochiton blepharodes T-669 Brazil Paraná Reginato, M. 686 
Pleiochiton ebracteatum T-601 Brazil Paraná Goldenberg, R. 717 
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Terminal Lab-Code Country State Collector Number 
Pleiochiton ebracteatum T-659 Brazil Paraná Reginato, M. 768 
Pleiochiton micranthum T-548 Brazil Rio de Janeiro Almeda, F. 8831 
Pleiochiton micranthum T-657 Brazil Rio de Janeiro Reginato, M. 762 
Pleiochiton micranthum T-1514 Brazil Rio de Janeiro Reginato, M. 1131 
Pleiochiton parasiticum T-651 Brazil São Paulo Garcia, R. 1973 
Pleiochiton parvifolium T-1475 Brazil Rio de Janeiro Reginato, M. 1121 
Pleiochiton roseum T-656 Brazil Rio de Janeiro Chiavegatto, B. 143 
Pleiochiton setulosum T-658 Brazil Rio de Janeiro Reginato, M. 766 
Pleiochiton setulosum T-1515 Brazil Rio de Janeiro Reginato, M. 1122 
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Appendix 2. Species tree of the complete data set. Outgroup and ingroup depicted in gray and black, respectively. 
Posterior probabilities values for nodes follow the legend.  
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Appendix 3. Rogue taxa identified for Leandra s.s.tr. In the three first columns the "x" indicates the taxa was flagged by 
the respective method. In the remaing columns the "x" indicates if that DNA partition was dropped for the respective 
taxon in the "rogueless" data set.  
Terminal Physic_IST RogueNaRok RI distribution Chloroplast ETS ITS waxy 
Clidemia atrata T1900 
  
x 
    
Leandra acutiflora T1534 x 
 
x 
 
x x 
 
Leandra acutiflora T464 x 
 
x 
 
x x 
 
Leandra adenothrix CVM171 
  
x 
    
Leandra adenothrix T2228 
  
x 
    
Leandra aurea T685 
 
x 
 
x x x x 
Leandra australis T465 
 
x 
     
Leandra blanchetiana T1213 
 
x 
     
Leandra brackenridgei T1894 
  
x 
 
x 
  
Leandra breviflora T1433 
  
x 
    
Leandra cardiophylla T369 x x 
 
x 
   
Leandra collina T1896 
 
x 
     
Leandra coriacea T1434 
 
x 
     
Leandra dendroides T1437 x 
  
x 
   
Leandra dendroides T1912 x 
  
x 
   
Leandra diffusa T1744 x 
      
Leandra diffusa T1750 x 
      
Leandra echinata T367 
 
x x 
  
x 
 
Leandra eichleri T1901 
 
x 
     
Leandra erostrata T1468 x x 
 
x x x x 
Leandra fallacissima T661 x 
 
x 
    
Leandra fluminensis T1745 
 
x 
     
Leandra fontanae T1746 x 
      
Leandra glabrata T438 
 
x 
     
Leandra gynoverrucosa T1520 
 
x 
     
Leandra hatschbachii T392 
  
x x x x x 
Leandra hirta T1892 
  
x x x x x 
Leandra ionopogon T1888 
 
x x x x x x 
Leandra laxa T1525 x 
      
Leandra melastomoides BA T1916 
 
x 
     
Leandra melastomoides SP T391 
 
x 
     
Leandra miconiastrum T2233 
 
x 
     
Leandra mollis T1517 x 
 
x x 
   
Leandra mouraei T1442 
 
x x x 
   
Leandra multiplinervis T388 
 
x x x x x x 
Leandra nianga T1444 
  
x 
    
Leandra paulina T463 x x 
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Terminal Physic_IST RogueNaRok RI distribution Chloroplast ETS ITS waxy 
Leandra penduliflora T2230 x 
  
x 
   
Leandra pilonensis T573 
  
x 
 
x 
  
Leandra planifilamentosa T1446 
  
x x x x x 
Leandra quinquedentata T474 
 
x 
     
Leandra reitzii T472 x 
      
Leandra reptans T1749 
 
x 
     
Leandra sabiaensis T1439 x x x x 
   
Leandra sabiaensis T389 
 
x 
     
Leandra strigilliflora T471 x 
 
x x 
   
Leandra therezopolitana T1450 
 
x 
     
Leandra ulaei 2Ex21 
 
x 
     
Leandra ulaei CVM217 
 
x 
     
Leandra variabilis T370 
  
x x x x x 
Leandra vesiculosa T1898 
 
x 
     
Leandra warmingiana T2358 
 
x 
     
Ossaea amygdaloides T1891 x 
  
x x x x 
Ossaea cabraliensis T1889 x x 
     
Ossaea congestiflora CVM162 
  
x 
    
Ossaea marginata T927 x 
 
x x x x x 
Ossaea suprabasalis BA 5Ex21 
  
x 
    
Ossaea suprabasalis ES T1757 x 
 
x x 
   
Ossaea suprabasalis ES T664 x 
 
x x 
   
Ossaea warmingiana T2229 
 
x x 
 
x x 
 
Pleiochiton amorimii T671 
 
x 
     
Pleiochiton parasiticum T651 x x x 
  
x 
 
 
 
Appendix 4. Observed genetic distances and probabilities of the species presenting DNA distances smaller than what 
would be expected under a incomplete lineage sorting scenario. Significant values (p-value < 0.05) indicate that ILS 
cannot account for the observed distance given the species tree.  
Sequence 1 Sequence 2 Distance Probability 
Leandra_cordigera_T916 Leandra_calvescens_T1527 0 0.005 
Leandra_debilis_T1436 Leandra_calvescens_T1527 0.00246914 0.022 
Leandra_dentata_T1524 Leandra_calvescens_T1527 0 0.005 
Leandra_glabrata_T438 Leandra_foveolata_T873 0.00493827 0.045 
Leandra_gracilis_T1440 Leandra_calvescens_T1527 0.00246914 0.022 
Leandra_gracilis_T1440 Leandra_dentata_T1524 0.00246914 0.02 
Leandra_grayana_T1529 Leandra_calvescens_T1527 0 0.005 
Leandra_grayana_T1529 Leandra_dentata_T1524 0 0.006 
Leandra_hirtella_T476 Leandra_calvescens_T1527 0 0.005 
Phylogeny of Leandra s.str.     34 
 
 
 
Sequence 1 Sequence 2 Distance Probability 
Leandra_hirtella_T476 Leandra_dentata_T1524 0 0.006 
Leandra_magdalenensis_T1747 Leandra_calvescens_T1527 0.00246914 0.022 
Leandra_magdalenensis_T1747 Leandra_dentata_T1524 0.00246914 0.02 
Leandra_polychaeta_T1748 Leandra_multiplinervis_T1754 0.00246914 0.036 
Leandra_quinquenodis_T864 Leandra_acutiflora_T1534 0.00246914 0.022 
Leandra_quinquenodis_T864 Leandra_barbinervis_T394 0.00246914 0.02 
Leandra_quinquenodis_T864 Leandra_calvescens_T1527 0 0.005 
Leandra_quinquenodis_T864 Leandra_dentata_T1524 0 0.006 
Leandra_quinquenodis_T864 Leandra_magdalenensis_T1747 0.00246914 0.027 
Leandra_refracta_T1516 Leandra_laevigata_T1438 0.00246914 0.025 
Leandra_reitzii_T472 Leandra_acutiflora_T1534 0.00246914 0.031 
Leandra_reitzii_T472 Leandra_barbinervis_T394 0.00246914 0.043 
Leandra_reitzii_T472 Leandra_calvescens_T1527 0 0.005 
Leandra_reitzii_T472 Leandra_dentata_T1524 0 0.006 
Leandra_reitzii_T472 Leandra_magdalenensis_T1747 0.00246914 0.027 
Leandra_reitzii_T472 Leandra_quinquenodis_T864 0 0.004 
Leandra_riedeliana_T1806 Leandra_acutiflora_T1534 0.00246914 0.033 
Leandra_riedeliana_T1806 Leandra_barbinervis_T394 0.00246914 0.035 
Leandra_riedeliana_T1806 Leandra_calvescens_T1527 0 0.005 
Leandra_riedeliana_T1806 Leandra_dentata_T1524 0 0.006 
Leandra_riedeliana_T1806 Leandra_magdalenensis_T1747 0.00246914 0.027 
Leandra_riedeliana_T1806 Leandra_quinquenodis_T864 0 0.004 
Leandra_riedeliana_T1806 Leandra_reitzii_T472 0 0.005 
Leandra_riograndensis_T387 Leandra_catharinensis_T973 0 0.014 
Leandra_tomentosa_T1533 Leandra_quinquenodis_T864 0.00493827 0.046 
Leandra_tomentosa_T1533 Leandra_sulfurea_T442 0.00246914 0.012 
Leandra_umbellata_T2101 Leandra_brackenridgei_T1894 0.00246914 0.03 
Leandra_vesiculosa_T1898 Leandra_quinquenodis_T864 0.00493827 0.046 
Leandra_vesiculosa_T1898 Leandra_sulfurea_T442 0.00246914 0.012 
Ossaea_consimilis_T1890 Clidemia_capilliflora_T1809 0.00246914 0.029 
Ossaea_consimilis_T1890 Leandra_melastomoides gl_T1519 0.00246914 0.02 
Ossaea_consimilis_T1890 Leandra_sericea_T1448 0.00246914 0.023 
Ossaea_consimilis_T1890 Leandra_triantha_T814 0.00246914 0.022 
Ossaea_consimilis_T1890 Leandra_variabilis_T1915 0.00246914 0.033 
Ossaea_consimilis_T1890 Ossaea_angustifolia_T1751 0.00246914 0.031 
Ossaea_coriacea_T1752 Leandra_euphorbioides_T2179 0 0.037 
Ossaea_marginata_T927 Ossaea_amygdaloides_T926 0.00246914 0.046 
Ossaea_suprabasalis BA_5Ex21 Leandra_laevigata_T1438 0 0.028 
Ossaea_suprabasalis BA_5Ex21 Leandra_refracta_T1516 0.00246914 0.029 
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 Chapter 2  
Chromosome numbers in Leandra s.str. 
(Melastomataceae, Miconieae)  
1. ABSTRACT   
 Chromosome numbers are reported here for 32 accessions belonging to 22 species of the Leandra 
s.str. clade (Melastomataceae, Miconieae). The chromosome counts reported here constitute the first 
records for these taxa. Most counts presented the basic chromosome number suggested for the tribe 
Miconieae (n=17) and might be regarded as diploid (with a paleopolyploid origin). The occurrence of 
tetraploids (n=34) in L. carassana and L. melastomoides are the first report of polyploidy for the highly 
diverse Leandra s.str. clade. 
2. INTRODUCTION   
Leandra Raddi, as traditionally circumscribed, is a genus of Neotropical shrubs or occasionally 
treelets, that belongs to the tribe Miconieae in the Melastomataceae. With over 250 accepted species, 
Leandra is the second largest genus in the tribe after Miconia (1100 species). The last taxonomic 
treatment for Leandra, currently under use, dates to the 19
th
 century and divided the genus into seven 
sections (Cogniaux 1891). The first attempts to infer phylogenetic relationships in the tribe Miconieae 
demonstrated that two of these sections are distantly related to the other ones (Martin et al. 2008, 
Goldenberg et al. 2008). In the other five sections, most species are endemic to eastern Brazil (ca. 200 
species) and form a clade that also includes a few eastern Brazilian members of Ossaea DC. (18 spp.), 
Clidemia D.Don (2 spp.), and all 12 species of Pleiochiton A.Gray (Chapter 1 of this thesis). This clade 
contains the type of the genus and has been dubbed the Leandra sensu stricto group (Goldenberg et al. 
2008). Leandra s.str. is a highly diverse clade largely restricted to eastern Brazil, with many narrowly 
distributed species. 
 Despite prior attempts to gather cytological information in Melastomataceae (Solt & Wurdack 
1980, Almeda & Chuang 1992, Almeda 2013), the number of chromosome counts remains small and C-
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values are even less known (Bennett & Leitch 2012). For  Leandra s.str. only ca. 1.5% of the species have 
been studied cytologically: L. xanthostachya Cogn. (n=17), Leandra sp. (n=25) and L. multiplinervis 
(Naudin) Cogn. (n=17), in Solt & Wurdack (1980) and Almeda & Chuang (1992). The objective of this 
study is to improve the cytological knowledge of Leandra s.str., providing new reports for species in this 
clade. 
 
3. MATERIAL AND METHODS  
 Flower bud material for meiotic chromosome counts was collected from natural populations in 
several localities in eastern Brazil. The voucher specimens were deposited at NY with duplicates at 
UPCB. The procedures adopted by Solt & Wurdack (1980) and Almeda & Chuang (1992) were followed 
and briefly outlined as follows. Buds were fixed in the field using modified Carnoy’s solution (4 
chloroform, 3 ethanol, 1 glacial acetic acid, v/v/v) for 48 hours (in some cases for a week), and washed 
and subsequently stored in 70% ethanol until counted. Anthers were opened and the contents squashed in 
1% ferric aceto-carmine. Two species were raised from seed in the NYBG laboratory and were used for 
mitotic counts. The root tips were treated for 5 hours in 8-hydroxyquinoline and fixed in Carnoy’s 
solution (3 ethanol, 1 glacial acetic acid, v/v). Tips were hydrolyzed with 1N HCl at 60
o
 C for 5 minutes, 
rinsed with water, and squashed in 1% ferric aceto-carmine. Slides were imaged using a Zeiss Axioplan 
microscope equipped with a Nikon DXM1200C digital camera.  
 
4. RESULTS  
 The chromosome numbers of 32 accessions belonging to 22 species of Leandra s.str. were 
determined. The analyzed taxa with voucher information and their chromosome numbers are given in 
Table 1. Chromosome numbers in meiosis were determined for the great majority of the samples, while 
somatic chromosome numbers were determined for L. australis and L. nianga. Most of the species 
presented n=17 or 2n=34. The only two exceptions were some individuals of L. carassana and L. 
melastomoides, which presented n=34. All counts presented in this study constitute the first reports for 
those species. Fig. 1 illustrates some of the results.  
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Table 1. Chromosome numbers with locality and voucher information for the species analyzed in this study. The meiotic 
counts are reported as “n” and the somatic counts as “2n". The voucher information includes the state and municipality, 
all from Brazil. The collector abbreviation "MR" stands for Marcelo Reginato, "FAM" for Fabián A. Michelangeli and 
"RG" for Renato Goldenberg. 
Species Number Voucher 
Clidemia capilliflora (Naudin) Cogn. n=17 Espírito Santo, Santa Teresa, MR 1206 
Leandra acutiflora (Naudin) Cogn. n=17 Paraná, Piraquara, MR 1081 
Leandra amplexicaulis DC. n=17 Espírito Santo, Santa Teresa, FAM 1607 
Leandra amplexicaulis DC. n=17 Rio de Janeiro, Santa Maria Madalena, MR 1213 
Leandra australis (Cham.) Cogn. n=17 Paraná, Curitiba, MR 1080 
Leandra australis (Cham.) Cogn. 2n=34 (ca.) Paraná, Guaratuba, MR 1243 
Leandra breviflora Cogn. n=17 (ca.) Rio de Janeiro, Nova Friburgo, MR 1130 
Leandra carassana (DC.) Cogn. n=34 Rio Grande do Sul, Cambara do Sul, MR 1063 
Leandra carassana (DC.) Cogn. n=17 Paraná, Piraquara, MR 1084 
Leandra carassana (DC.) Cogn. n=17 Minas Gerais, Ouro Preto, MR 1169 
Leandra carassana (DC.) Cogn. n=17 Minas Gerais, Ouro Preto, MR 1174 
Leandra carassana (DC.) Cogn. n=17 Rio de Janeiro, Santa Maria Madalena, MR 1209 
Leandra carassana (DC.) Cogn. n=17 Paraná, Guaratuba, MR 1229 
Leandra dendroides (Naudin) Cogn. n=17 Minas Gerais, Ouro Preto, MR 1176 
Leandra diffusa Cogn. n=17 (ca.) Espírito Santo, São Roque do Canaã, RG 1522 
Leandra diffusa Cogn. n=17 (ca.) Espírito Santo, Santa Teresa, RG 1533 
Leandra fallacissima Markgr. n=17 Espírito Santo, Santa Teresa, MR 1197 
Leandra hirta Raddi n=17 (ca.) Rio de Janeiro, Santa Maria Madalena, MR 1226 
Leandra ionopogon (Mart.) Cogn. n=17 Espírito Santo, São Roque do Canaa, MR 1186 
Leandra melastomoides Raddi n=34 Minas Gerais, Ouro Preto, MR 1180 
Leandra melastomoides Raddi n=17 Rio de Janeiro, Santa Maria Madalena, MR 1224 
Leandra melastomoides var. minifolia n=17 Rio de Janeiro, Santa Maria Madalena, MR 1210 
Leandra nianga (DC.) Cogn. 2n=34 Espírito Santo, São Roque do Canaa, FAM 1600 
Leandra paulina DC. n=17 Paraná, Curitiba, MR 1079 
Leandra purpureo-villosa Hoehne n=17 Paraná, Piraquara, MR 1090 
Leandra quinquedentata (DC.) Cogn. n=17 Santa Catarina, Urubici, MR 1054 
Leandra quinquedentata (DC.) Cogn. n=17 Rio Grande do Sul, Cambará do Sul, MR 1068 
Leandra reitzii Wurdack n=17 Paraná, Guaratuba, MR 1228 
Leandra riedeliana (Triana) Cogn. n=17 Minas Gerais, Ouro Preto, MR 1167 
Ossaea angustifolia DC. n=17 Espírito Santo, Santa Teresa, MR 1201 
Ossaea congestiflora Cogn. n=17 Minas Gerais, Ouro Preto, RG 1513 
Ossaea coriacea (Naudin) Triana n=17 (ca.) Minas Gerais, Ouro Branco, RG 1500 
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Figure 1. (previous page). Chromosome counts of Leandra s.tr. A-W are meiotic counts, X is mitotic. A. Clidemia 
capilliflora; B. Leandra acutiflora; C. L. amplexicaulis; D. L. australis (MR 1080); E. L. breviflora; F. L. carassana (MR 
1229); G. L. carassana (MR 1169); H. L. dendroides; I. L. diffusa (RG 1533); J. L. fallacissima; K. L. hirta; L. L. 
ionopogon; M. L. melastomoides (MR 1180); N. L. melastomoides (MR 1224); O. L. paulina; P. L. purpureo-villosa; Q. L. 
quinquedentata; R. L. reitzii; S. L. riedeliana; T. Ossaea angustifolia; U. O. congestiflora; V. O. coriacea; W. Pleiochiton 
ebracteatum. X. Leandra nianga.  
  
5. DISCUSSION 
 Solt & Wurdack (1980) stated that the chromosomes of Melastomataceae are so small (0.5–1 
micron) that even under high magnification (1800 x) they appear as mere dots without differential 
morphology. This pattern is also found in the Leandra s.str. species studied here. Some additional counts 
were not included in this study due high uncertainty of the observed number and lack of replicates. 
Although we mostly counted at least three samples per individual, some counts still presented some 
dubious numbers (as "ca." in Table 1).   
 Although only 10% of the species of Melastomataceae are known cytologically, the chromosome 
numbers within several groups are generally consistent, reinforcing observations and predictions about 
base numbers and patterns of chromosomal evolution in this family (Almeda and Chuang, 1992, Almeda 
2013). In the Miconieae, repetitive pattern of cytoevolution across all genera sampled involves a 
secondary base number likely derived from an ancestral base number of 9, followed by 
autotetraploidization to x=18 and then by a dysploid loss (2x-1) to x²=17 (Almeda 2013). A polyploid 
origin for the Miconieae seems certain but unlike other clades in the family, the Miconieae appear to have 
no extant species with lower diploid numbers that could qualify as ancestral base numbers (Almeda 
2013). All species of Leandra s.str. reported here presented the basic number proposed for the tribe 
Miconieae (x
2
=17), with the exception of  two cases of polyploidy. Chromosome number stasis at the 
diploid level within genera is mostly found in capsul-fruited genera with distribution centered in South 
America (Almeda 2013). However, Miconieae generic classification is artificial (Goldenberg et al. 2008). 
A better picture of chromosome evolution in this group must await a comprehensive phylogenetic 
hypothesis, along analysis based on probabilistic models of chromosome evolution (Mayrose et al. 2010).  
 The Miconieae is the most diverse tribe in the family (ca. 1800 species), and is estimated that 
85% of the apomictic species in the family belong to this tribe (Goldenberg & Shepherd, 1998). The 
presence of apomixis in some species is commonly associated with unusual aneuploid numbers (see 
review by Santos et al. 2012 and references therein). Current knowledge indicates that chromosome 
number, meiotic behavior, and pollen fertility are of critical importance in predicting the apomictic 
reproductive mode in this tribe (Almeda 2013). Populations from 12 species of Leandra s.str. have been 
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tested for apomixis, from which nine turned out to be positive (Saraiva et al. 1996, Goldenberg & Sheperd 
2008, Maia 2013). Among the positives, chromosome counts for L. australis and L. melastomoides are 
presented here. The latter presented one sample of tetraploid, but no information about apomixis 
regarding this particular specimen is available. Nonetheless, the diploid specimen of L. australis (MR 
1243) was grown until it set flowers and seeds. The specimen was kept inside the laboratory at all times 
with no access to pollinators. Additionally, L. australis presents small anther pores and herkogamous 
flowers, making self-pollination unlikely, and it has also tested positive twice for apomixis elsewhere 
(Goldenberg & Sheperd 2008, Maia 2013). Thus, in this particular case apomixis is associated with a 
diploid level.  
 A signiﬁcant portion of speciation events in plants involve hybridization (Soltis & Soltis 2009). 
Hybrid speciation can occur either at the same ploidal level (homoploid hybrid speciation) or much more 
commonly via allopolyploidy (Soltis & Soltis 2009), with backcrossing and introgression commonly 
complicating the delineation of taxonomic entities. Both L. carassana and L. melastomoides, the two 
species with polyploid samples, are widespread species in eastern Brazil, showing a great morphological 
variability and a history of taxonomic problems (Souza & Baumgratz 2004, Camargo et al. 2009, Chapter 
5 of this thesis). Morphological and cytological data at the population level are likely to improve our 
understanding of these taxa and should be considered further. It has been demonstrated that 
hybridization/introgression have likely occurred in Leandra s.str., although which species might have 
been introgressed remains unclear (Chapter 1). Nonetheless, some species of Leandra s.str. with 
incongruent patterns across gene trees (Chapter 1) are reported here as diploids (L. acutiflora, L. 
dendroides, L. diffusa, L. fallacissima and L. paulina). A potential hybrid origin for these taxa would 
imply homoploid hybridization. Recent finding suggest that homoploid hybrid speciation may be much 
more common than traditionally thought (Howarth & Baum 2005). 
 In summary, given the limited cytological data for Leandra s.str. provided here, we can predict: 
chromosome number stasis at the diploid level, few cases of tetraploids, and diploid species associated 
with apomixis. The origin of the polyploids and potential homoploid hybrids should be further 
investigated.    
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 Chapter 3  
Floral morphological diversity and evolution 
in Leandra s.str. (Melastomataceae, 
Miconieae)   
 
1. ABSTRACT   
 Here, we describe the floral diversity of Leandra s.str. on a continuous framework and analyze it 
with comparative phylogenetic methods. The morphological data set includes individual size 
measurements and shape scores (from Elliptical Fourier Analysis) for hypanthia, petals, stamens and 
styles. We evaluate whether there is evidence of correlation among these flower structures, shifts and 
convergent patterns, and association of these traits with elevation. Elliptical Fourier Analysis of the 
flower structures effectively captured most of the variation in the first components. Leandra s.str. flower 
structures present strong phylogenetic signal and tend to be conserved among close relatives, with 
Pleiochiton, Leandraria and Capixabae showing the greatest flower stasis, while Carassanae exhibits the 
greatest number of shifts and different regimes. Nonetheless, convergence is observed across the group, 
where the extremes in flower regimes seem to be quite distinct, although non-overlapping discrete flower 
types are not observed. Overall, Leandra s.str. flower structures seems to be correlated, with sizes 
showing a stronger signal, while shapes is more decoupled. Additionally, anther color and inflorescence 
architecture correlate with flower structures. Although some flower regimes tend to occur in different 
elevational ranges, no significant association is observed.     
2. INTRODUCTION   
 Leandra s.str. is part of the Neotropical Miconieae in the Melastomataceae, and with ca. 200 
species, it is one of the most diverse lineages in this tribe (Chapter 1 of this thesis). The clade is almost 
exclusively restricted to eastern Brazil, with many individual species occurring as local endemics. The 
species are usually shrubs or occasionally treelets, and are associated with a series of different 
environments. Most of the diversity is commonly found inside or on the border of submontane or 
montane forest areas, but the species are also conspicuous in high altitude vegetation (“Campos de 
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Altitude”), while some are found exclusively in the “Campos Rupestres”. The systematics of this group, 
scarcely challenged until very recently, is still under development and for many species the only 
published data is the description from the 19
th
 century (details in Chapter 1). 
 Comparative studies in the mega-diverse Melastomataceae are quite sparse and biased towards 
structures traditionally used in the classification of the family. Some studies have explored the seed 
morphology (Whiffin & Tomb 1972, Martin & Michelangeli 2009, Ocampo & Almeda 2013, Ocampo et 
al. 2014), trichomes (Wurdack 1986), and a comprehensive study focused on fruits (Clausing et al. 2000). 
Flowers have been scarcely studied on a comparative framework, although some general surveys have 
been published; noteworthy is the study of stamen vasculature by Wilson (1950). Most Melastomataceae 
are characterized by poricidal anthers and the flowers that are usually hermaphroditic and actinomorphic, 
but also observed are weakly to strong zygomorphic species due to positioning of the stamens and style 
(Renner 1989). Most species of Melastomataceae are buzz-pollinated by bees, with pollen usually offered 
as reward. Some studies of reproductive biology in Melastomataceae included species of Leandra s.str. 
(Goldenberg & Shepherd 1998, Goldenberg & Varassin 2001), with an emphasis on their reproductive 
systems. Based on floral morphology, the species of Leandra s.str. are predicted to be buzz-pollinated, 
but the pollinators are largely unknown. The only comprehensive summary of pollinators of 
Melastomataceae does not list any species from this clade (Renner 1989).  
 Leandra s.str. exhibits a great diversity of flowers (some examples are illustrated in Figure 1), 
where different anther colors and shapes stand out. Additionally, ovary position ranges from totally 
inferior to fully superior and hypanthium shape is also highly variable. Because a comprehensive 
phylogenetic hypothesis is now available (Chapter 1 of this thesis), this clade becomes a model to study 
morphological evolution in a diverse tropical clade using phylogenetic comparative methods. 
 The main objective of this chapter is to describe flower diversity in Leandra s.str. on a continuous 
framework and to provide insights about their evolution. We hypothesized that given the specialized 
pollination system found in the Leandra s.str. clade, correlation between flower structures will be 
observed. Additionally, given that some species are exclusively found in high or lower elevations, we 
hypothesized that altitudinal constraints in the distribution of pollinators would be reflected in the flower 
structures and regimes observed in Leandra s.str. Other specific questions addressed in this study include: 
Is flower morphology conserved among close relatives? Are inflorescence architecture and anther color 
randomly distributed across different anther types?  We then further discuss the putative significance of 
the observed patterns and differences in speciation/flower diversification rates across major clades of 
Leandra s.str. 
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Figure 1. Examples of flowers of Leandra s.str. A. L. adenothrix. B. L. aurea. C. L. australis. D. L. barbinervis. E. L. 
carassana. F. L. cardiophylla. G. L. eichleri. H. L. glazioviana. I. L. hirtella. J. L. melastomoides. K. L. purpureo-villosa. L. 
L. quinquedentata. M. L. quinquenodis. N. L. salicina. O. L. sericea. P. L. vesiculosa. Q. L. xanthostachya. R. Ossaea 
congestiflora. S. O. warmingiana. T. Pleiochiton blepharodes. 
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3. MATERIAL AND METHODS  
3.1. Phylogenetic hypothesis 
 The phylogenetic hypothesis recovered in Chapter 1 of this thesis was used to address the 
questions presented here. This phylogeny included 126 species of Leandra s.str. spanning the range of 
geographical distribution and morphological variation within the group. This number accounts for ca. 
60% of the accepted species estimated for the clade. Overall, for most of the missing taxa the 
circumscriptions are not clear (i.e. species described in the 19
th
 century and never the subject of a 
taxonomic review) and a morphologically close relative was sampled (see Chapter 1). The summary tree 
obtained in Chapter 1 was used for the analysis, but we pruned taxa for which flower material was not 
available (nine species), as well as all species included as outgroups. Clades are named following the 
informal scheme adopted in Chapter 1 and Fig. 3. 
3.2. Morphological data 
 Flowers were obtained from herbarium specimens or fresh material fixed in the field in 50% 
ethanol. The flowers were dissected and digitally imaged with a Nikon SMZ1500 stereoscope equipped 
with a Nikon DXM1200F camera. Floral traits were gathered for 117 species (one ﬂower per species); 
voucher information and measurements are available in Appendix 1. Measurements of the flower 
structures were taken from the images in Fiji (Schindelin et al. 2012) and shape variables were retrieved 
with an Elliptic Fourier Analysis. For this analysis, each structure was isolated and binarized (Appendices 
2-5) in GIMP 2.8 (http://www.gimp.org). The binary images were then read and processed in R (R Core 
Team 2014) using the package Momocs (Bonhomme et al. 2014). Elliptic Fourier Descriptors were 
calculated and summarized by a Principal Component Analysis using the same R package. For each 
structure, the first two principal components were taken as continuous variables of shape diversity and 
included in further analyses. Additionally, two discrete characters were coded as follows: anther color 
(white - 0, yellow - 1, pink - 3) and flowers in glomerules (absent - 0, present - 1).  
3.3. Elevation 
 A collection database for species of Leandra s.str. was compiled using herbarium records and 
online data available at the biodiversity portals speciesLink (http://splink.cria.org.br/) and GBIF 
(http://data.gbif.org). The taxonomy of the specimens in the database was updated and the data was 
filtered in several ways. Distributional outlier records for each species were flagged as "taxonomy 
suspicious", and  specimens with longitude and latitude of the centroid of the municipality or with up to 
two decimal places were flagged as "coordinates suspicious", both sets were not further considered. The 
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elevations reported for the remaining collections were tabulated for each species. Additionally, 
elevational data for each species was extracted from the elevation layer of the bioclim data set (Hijmans 
et al. 2005). The records were intersected to the elevation layer using the R package raster (Hijmans 
2013) and added to the other values and the mean for all species was calculated.  
3.4. Analyses 
3.4.1. ANCESTRAL CHARACTER ESTIMATION 
 Phylogenetic signal was calculated for all variables using the Pagel’s lambda parameter (Pagel 
1999) implemented in the R package phytools (Revell 2012). The characters were mapped on the 
phylogeny of Leandra s.str. and some are presented in the results. Ancestral character estimation for the 
continuous characters was performed using the function contMap in the R package phytools (Revell 
2012). This function estimates the ancestral states in each node using Maximum Likelihood techniques 
and interpolates the states along the edges, following Felsenstein (1985).  
3.4.2. FACTOR ANALYSIS 
 The flower variables were summarized using a Factor Analysis for Mixed Data (FAMD) 
implemented in the R package FactoMineR (Lê et al. 2008). FAMD is a principal component method to 
explore data with both continuous and categorical variables. It can be seen roughly as a combination of 
Principal Component Analysis (continuous variables) and Multiple Correspondence Analysis (categorical 
variables). In FAMD the continuous variables are scaled to unit variance and the categorical variables are 
transformed into a disjunctive data table (crisp coding) and then scaled using the specific scaling of MCA 
(Lê et al. 2008).  
3.4.3. FLOWER MORPHOLOGICAL SHIFTS AND CONVERGENT PATTERNS 
 Flower morphological regimes were evaluated using the method proposed by Ingram & Mahler 
(2013) implemented in the R package surface. The analysis uses the Hansen model of stabilizing selection 
around multiple adaptive peaks (Butler & King 2004) to infer a macro evolutionary adaptive landscape 
using trait data and a phylogenetic tree. Extensive information about the method is given by Ingran & 
Mahler (2013), but a summary is provided here. The analysis is based on two stepwise AIC routine 
phases. In the first, it adds regime shifts to a Hansen model and the delta-AICc of each possible shift 
placement is calculated, and an updated Hansen model is returned with one shift added. This process is 
iterated until the model stops improving beyond a threshold delta-AICc. In the second phase, beginning 
with a fitted Hansen model produced by the first phase, it tests pairwise collapses of regimes and 
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identifies collapses that improve the fit (convergent regimes). The process is repeated until the model 
stops improving beyond the given AIC threshold. In this fashion, convergent and unique regime shifts can 
be identified. For our analyses, the first two components of the Factor Analysis were used as the flower 
trait data. Default thresholds were applied and the different regimes were interpreted as flower types.  
3.4.4. CHARACTER ASSOCIATIONS  
 To quantify the strength of relationship among continuous flower variables and between those 
variables and elevation, the pgls method (Freckleton et al. 2002) was implemented in the R package caper 
(Orme et al. 2013). This method fits a linear model while controlling for the non-independence between 
the samples resulting from the phylogenetic structure in the data (Freckleton et al. 2002). The structure of 
the phylogenetic signal was controlled by optimizing the parameter lambda using Maximum Likelihood. 
The p-values were corrected using the Holm-Bonferroni method for multiple comparisons (Holm 1979). 
Additionally, some continuous variables of interest were tested for differences among the discrete 
variables. For instance, we wanted to test if there is any difference between the length of the anthers in the 
different color states or elevation and flower types. This test was performed using a phylogenetic 
ANOVA (Garland et al. 1993) in the package phytools (Revell 2012), with the post hoc comparison 
option enabled.  
3.4.5. FLOWER DIVERSIFICATION AND SPECIATION RATES 
 Speciation rates for the major clades of Leandra s.str. were estimated using the method-of-
moments estimator for crown groups (Magallón & Sanderson 2001), implemented in the R package laser 
(Rabosky & Schliep 2013), and assuming an equal rate of extinction across clades (0). Similarly, the first 
principal component of the factor analyses was used as a proxy of flower morphology and the rates of 
morphological diversification estimated across the same clades. The PC1 evolution model under a 
Brownian motion process was estimated, and the variance of the Brownian motion model taken as the 
diversification rate (Ackerly 2009). Rates of morphological evolution were calculated as net change in 
variance of ln-transformed trait values and the analysis was performed using the R package geiger 
(Harmon et al. 2008).  
4. RESULTS 
4.1. Flower morphospace and phylogenetic signal  
 Elliptical Fourier Analysis of flower structures in Leandra s.str. effectively captured most of the 
variation in the first components. The information synthesized in the first three axes ranged from 87% in 
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the petals to 94% in the styles, with 92% in the anthers and 93% in the hypanthia. In the anthers the main 
variation is related to width (PC1 = 58% of the variation) and anther curvature is captured in the second 
component (from incurved to recurved, with straight anthers in the middle; PC2 = 28%). In the petals the 
first component also relates to width (PC1 = 71%) and the second component recovers whether the apex 
is acuminate or not (PC2 = 10%). In the hypanthia most of the variation relates to the extent of 
ovary/hypantium fusion (i.e., superior ovary vs. inferior ovary, PC1 = 59%) and whether they are 
narrowed versus wide (PC2 = 24%). For the styles the first component is related to the curvature at the 
apex (PC1 = 67%) and also to width (PC2 = 16%). The reconstruction of the shape variation in the first 
two axes for anthers, petals, hypanthia and styles are presented in Fig. 2.  
 
 
Figure 2. First two components of the PCA analysis of Elliptical Fourier Descriptors of flower morphology in Leandra 
s.str. A. Anthers. B. Petals. C. Hypanthia. D. Styles.  
 
 The morphospaces including the first two components of the four flower structures studied here 
are presented in Fig. 3, along the Leandra s.str. phylogenetic hypothesis color coded by major clades. The 
Floral diversity and evolution in Leandra s.str.     55 
 
 
 
spaces of the structures do not present a strict differentiation among clades, with recurrent cases of 
species of different clades presenting the same shape. Although convergence seems pervasive, it can also 
be noted that members of the same clade tend to group together, indicating phylogenetic signal in the 
flower structures. Additionally, it is also evident that overlap among clades is extensive. Overall, the 
species of Leandraria and Pleiochiton seem to be more differentiated from the others, while Carassanae, 
Capixabae, Cerrado and Oxymeris usually overlap. Although these four clades overlap, Capixabae and 
Oxymeris form more cohesive groups in the morphospace, while Carassanae and Cerrado are usually 
found throughout the plot, indicating great variability within those groups. Remarkably, the anther 
morphospace seems to show the greatest phylogenetic structure (Fig. 3B), with Leandraria and Oxymeris 
exhibiting the two extremes of anther morphology in Leandra s.str. The mean shapes recovered in the 
first PC of each structure per clade are illustrated in Fig. 4B-E. In the anthers (Fig. 4B), Leandraria 
present very subulate anthers, with Pleiochiton showing less pronounced subulate anthers, while 
Carassanae, Capixabae and Cerrado have intermediate anthers, and a more compact obovate anther is 
observed in Oxymeris. In the hypanthia, Leandraria and Pleiochiton show more superior ovaries than the 
others, while the most inferior is found in Capixabae (Fig. 4C), Leandraria also present the most tubular 
hypanthia. The mean petal shape of Carassanae, Capixabae, Cerrado and Oxymeris are very similar, while 
in Leandraria is narrower and Pleiochiton wider (Fig. 4D). The styles show little variation, with most 
species of Leandraria and some Pleiochiton differentiated by the curved apex. Overall, the mean shape 
seems to be a good representation for Leandraria, Pleiochiton and Capixabae. Nonetheless, in the groups 
with great variation, such as in Carassanae and Cerrado, where variation extremes are observed, the mean 
of the clade is very similar to the mean of the entire diversity.    
 The factor analysis of all variables (including sizes, shape scores and discrete characters) 
synthesized 60% of the variance in the first three dimensions (Axis 1 = 38%, Axis 2 = 13%). The 
contributions of each variable in the first three axes are presented in Appendix 6. The results of the factor 
analysis reinforced the patterns observed in the shape analyses of the individual structures. In Fig. 4A the 
first two axes are plotted, and is possible to observe that Leandraria and Pleiochiton are morphologically 
more distinct from the others. The remaining clades overlap extensively, with Oxymeris and Capixabae 
being more similar, while Cerrado and Carassanae are more widespread in the morphospace.  
 Phylogenetic signal estimates for all variables, including the first three axes of the factor analysis, 
are provided in Appendix 7. All variables presented some phylogenetic signal, with the factor analysis 
axes showing the greatest values. Among the other variables, the first axis of hypanthium shape, the 
filament length and the first axis of anther shape presented the highest signals. The only variables that did 
not show significant phylogenetic signal were the second axis of the style shape and hypanthium width.  
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Figure 3. A. Leandra s.str. phylogeny color coded by major clades. B-E. Morphospaces of the flower structures from the 
Elliptical Fourier Analysis, first axis in the y and second axis in the x. B. Anthers. C. Hypanthia. D. Petals. E. Styles. 
Morphospace color scheme and labels (numbers) follow the phylogeny. 
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Figure 4. A. Factor analysis morphospace, in the x the first axis and in the y the second axis. B-E. Mean shape per clade of 
the variation observed in the first component of each flower structure. B. Anthers. C. Hypanthia. D. Petals. E. Styles. The 
colors follow the legend.  
4.2. Flower morphological shifts and convergent patterns  
 The flower morphological regimes recovered for Leandra s.str. are illustrated in Fig. 5A, along 
with some flower examples of different regimes and the morphospace color coded by the recovered 
regimes (Fig. 5B). The background regime, which included most of the species under analysis, is depicted 
in black and regime shifts in color, where the same color on different clades corresponds to convergent 
regimes. Ten different shifts were identified, corresponding to three different regimes (plus the 
background): two convergent shifts to regime I, five to regime II and four to regime III. Interestingly, 
there are no reversals to the background regime and there was only one case in which the regime shift did 
not occur from the background regime; in the Cerrado clade there is a shift from regime III to II. The 
background regime is characterized by mean values of the variables, with its samples positioned towards 
the center of the morphospace, while the other regimes are departures from the mean sizes and shapes. In 
the morphospace, is possible to note that regimes I and II are differentiated from regime III and 
background in the first axis, while the second axis differentiates regimes I from II and, to a lesser extent, 
the background from regime III. In the first axis the main contributions come from filament and anther 
length and the first component of anther shape (Appendix 6), thus regimes I and II are mainly 
differentiated from the others by the bigger stamens and more subulate anthers. In the second axis the 
main contributions are given by the first component of petal shape, petal width and anther color, where 
regime I and II are mainly differentiated by wider petals and yellow anthers in the former, with narrower 
petals and predominantly pink anthers found in the regime II. The background and regime III are 
extensively overlapping, although some separation is observed in both axes due to smaller and less 
subulate anthers in regime III.  
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Figure 5. A. Flower regimes recovered for Leandra s.str., in black the background regime, convergent regimes are 
illustrated with the same color; in the right some flower examples of different regimes. B. Morphospace of the two axes 
used for the regime analysis, the color code scheme follows the regimes.  
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4.3. Ancestral character estimation and associations  
 The ancestral reconstruction of the first component of anther shape, anther length and the first 
component of hypanthium shape are illustrated in Fig. 6. The three graphs show a very similar pattern, 
with recurrent changes across clades. The ancestral state estimated for Leandra s.str. seems to be a 
slightly subulate median sized anther with a semi-inferior ovary, although close to the mean, the ancestral 
states seem more similar to the states observed in Pleiochiton and Leandraria clades. The extensive match 
observed in those reconstructions point to a scenario where those variables are correlated. This was tested 
and confirmed by the pgls analyses, and the correlogram including all variables is presented in Fig. 7B. In 
this graph, it is possible to note that the sizes of all structures are strongly correlated, thus in the bigger 
flowers, bigger stamens, petals and hypanthia are observed. Some shapes seem to be correlated with size, 
as in the first components of anthers and hypanthia and the second components of hypanthia and petals, 
where tubular hypanthia are associated with larger flowers, while smaller petals are also more acuminate 
(thus larger petals tend to have rounded to obtuse apices). Nonetheless, allometry does not seem to 
account for the variation in most of the flower structures. Additionally, some shapes seem to be 
correlated, as evidenced by the first component of anthers, hypanthia and styles, where the styles with a 
curved apex correlate with more subulate anthers.  
 Differences in size and shape across the different anther colors are illustrated in Fig. 7C-D and 
Appendix 8. Both graphs show a similar pattern, where pink anthers are more subulate and bigger, white 
anthers are compact and smaller, while yellow anthers present intermediate values and greater variability. 
The latter it is not significantly different from the other colors, but the differences among white and pink 
anthers are significant. Additionally, differences in anther size and shape were compared with 
inflorescence architecture (Fig. 7E-F), where the results indicate that species with glomerulate 
inflorescences have significantly more subulate anthers. The difference regarding size was not significant, 
although nearly so at 0.05, with lax inflorescences presenting smaller anthers.  
 We evaluated whether the flower structures would correlate with elevation (Fig. 7B), and whether 
the different flower regimes would present differences in elevation (Fig. 7G). The results indicate that 
flower structures sizes and shapes are not significantly correlated with elevation, and the mean differences 
in elevation across flower regimes are not significant. Although, regimes I and II tend to occur in lower 
elevations than the flower regime III, which is observed preferentially in higher elevations, while the 
background regime is found throughout the elevational range.    
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Figure 6. Ancestral estimation of flower characters in Leandra s.str. A. First component of anther shape. B. Anther 
length. C. First component of hypanthium shape. The estimated values in the phylogeny (gray tons) follow the legends. 
Clade labels: I - Pleiochiton; II - Leandraria; III - Oxymeris; IV - Cerrado; V - Capixabae; VI - Carassanae.  
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Figure 7. A. pgls model of the first component of hypanthium shape and the first component of anther shape. B. 
Correlogram of flower structures and elevation (pgls), asterisks indicate significant correlation, the gray tons reflect the 
R-squared values and follow the legend, the abbreviations: H = height; W = width; L = length. C-G. Box plot of variables 
and groups, the asterisk indicates significance in the phylogenetic ANOVA test. C. First component of anther shape by 
anther color. D. Anther length by anther color. E. First component of anther shape by presence/absence of glomerules. F. 
Anther length by presence/absence of glomerules. G. Elevation by flower regimes, from left to right: background, regimes 
I, II and III. 
 
4.4. Flower diversification and speciation rates  
 Estimated rates of speciation and flower morphological evolution of major clades of Leandra 
s.str. are presented in Fig. 8. The highest rates of flower morphological evolution are observed in 
Carassanae and Cerrado clades, while the speciation is highest in Leandraria and Carassanae. A 
significant relationship of speciation and flower diversification is not observed when all clades are 
compared (p-value = 0.53). Nonetheless, when the Leandraria clade is not taken into account (i.e. is 
treated as an outlier), a significant relationship is observed (p-value = 0.03, regression line in Fig. 8).  
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Figure 8. Flower diversification and speciation rates in major clades of Leandra s.str. The regression line model does not 
include Leandraria (outlier).  
 
5. DISCUSSION 
 Overall, in Leandra s.str. flowers are conserved among close relatives, with Pleiochiton, 
Leandraria and Capixabae clades showing the greatest flower stasis, while Carassanae show the greatest 
number of shifts and different regimes. The same pattern is also observed in the morphospace when each 
clade is color coded (Fig. 4A), and in the phylogenetic signal estimates (Appendix 7). The regime 
analysis (Fig. 5) also confirms the observed overlapping among clades in the morphospace, since no clade 
presents a unique flower regime. Morphological shifts in flowers are usually associated with pollinator 
shifts, and such morphological change is usually very conspicuous when the shift involves different 
pollination syndromes (bees to birds, wind, mammals, or to other insects, Stebbins 1970). In 
Melastomataceae, this is evident in shifts from buzzing bees to hummingbirds, among others. For 
instance, several morphological changes are observed in floral traits of Brachyotum, a hummingbird 
pollinated group derived from bee pollinated ancestors (Michelangeli et al. 2013). Nonetheless, the extent 
of morphological change in shifts involving different buzzing bees remains unknown in the family. 
Despite the lack of published data regarding pollinators, given anther morphology and absence of nectar, 
all species in Leandra s.str. are assumed to be buzz pollinated by pollen-collecting bees. The differences 
in size, shape and color among the flower regimes in Leandra s.str. suggests that if not exclusively 
pollinated by different species/groups of buzzing bees, at least different sized pollinators would probably 
present different fits across the different flower regimes.   
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 The coordinated functioning of flower structures enhances pollination either autonomously or 
through interaction with pollinators, therefore selection should favor stronger correlations between 
functionally related floral traits (Stebbins 1950). Thus, plants with specialized pollination should exhibit 
floral characters that strongly covary with one another (Berg 1960). Leandra s.str. flowers seem to fit this 
scenario, but if on one hand the size of flower structure are strongly correlated, which would indicate that 
developmental and genetic architecture perhaps is constraining morphological evolution, on the other 
hand the flower structure shapes seems more decoupled, where perhaps natural selection is overwhelming 
developmental and genetic constraints allowing adaptive evolution to proceed (Armbruster et al. 1999 and 
references therein). There is strong correlation among the degree of hypanthium fusion (Hypanthium 
PC1) and anther shape (Anther PC1), where superior ovaries are correlated with subulate anthers (Fig. 
7A). In Melastomataceae, hypanthium fusion is thought to be associated with fruit types, where superior 
ovaries correlates with capsules and berries are associated with inferior ovaries (Clausing et al. 2000). As 
in all members of the tribe Miconieae, the species of Leandra s.str. exhibit berries, but the full spectrum 
of hypanthium fusion is still observed in the group. In all Melastomataceae the stamens are inflexed while 
in bud, with the anthers accommodated between the style and walls of the hypanthium and ovary (see 
examples in Appendix 9). Thus, in Leandra s.str. this tight relationship of anther/ovary seems more likely 
a flower developmental constraint, than an association with fruit type. Whether or not this is a general 
pattern remains to be investigated across the family. In parallel, the association of fruit type and ovary 
position still needs support from phylogenetic comparative methods.   
 Flowers are detected and discriminated by bees according to a combination of specific signals 
such as size, shape, odor, and color (Gumbert 2000). Leandra s.str. shows an interesting variation of 
anther colors, where white, yellow and pink anthers are observed (Fig. 1), colors that are considered the 
most attractive to bees, along with blue and violet (Roubik 1992). Our results indicated this variation is 
not randomly distributed across different anther types, with pink anthers usually bigger and more subulate 
than the smaller and more compact white ones. Thus, an association between color and shape in the 
anthers of Leandra s.str. is observed, as found for shape/size among the other structures.  
 Flowers within the same inflorescence can act together to attract pollinators and their proximity 
increases the likelihood of flowers being visited by the same pollinator, where joint visitation allows for 
self-pollination between flowers (geitonogamy) and for correlation in the quality and quantity of pollen 
export and import (Harder et al. 2004). If inflorescence traits affect attraction and the incidence and 
consequences of joint visitation of flowers, then they will influence mating outcomes and be subject to 
natural and sexual selection (Harder et al. 2004). The positive association between flower structures and 
inflorescences found here represent a first line of evidence that inflorescence architecture might have a 
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role in the pollination biology of Leandra s.str. Nonetheless, additional inflorescence variables like size, 
number of flowers, or whether it is pendant or not, among others, remain to be investigated.  
 Leandra s.tr. are found preferentially at middle to high elevations in eastern Brazil. However 
some species are exclusively found in high or lower elevations, and we hypothesized that altitudinal 
constraints in the distribution of pollinators would be reflected in the flower structures and regimes 
observed in Leandra s.str. However, our results failed to find any significant association. Despite a 
tendency of some regimes being more common in higher or lower elevations, the background regime is 
found throughout the whole elevational range. This relationship should be further investigated across a 
wider group, since a lack of significance in this kind of analysis might be due to few clades and/or not 
enough variation among them (Felsenstein 1985). 
 A general relationship between rates of diversification and rates of morphological evolution may 
be expected due to adaptive radiation, where accelerated rates of speciation associated with divergence in 
ecologically relevant phenotypic traits are expected, or in cases where most evolutionary change occurs at 
speciation events (Adams et al. 2009 and references therein). Our results indicate that rates of species 
diversification and morphological evolution are correlated across most clades in Leandra s.str. While the 
greatest diversification rates observed in Carassanae seem to be compatible with speciation rates of the 
group, in Leandraria clade a low rate of flower morphological change is observed when compared with 
the other clades. Conservative evolutionary change may arise from a range of processes, including the 
action of natural selection (Ackerly 2009 and references therein). Interestingly, Leandraria seems to be 
unique among Leandra s.str. by presenting flowers with slightly zygomorphic flowers (Chapter 6), a 
feature not quantified here. In general, bilaterally symmetrical (zygomorphic) flowers are thought to have 
evolved from radially symmetrical (actinomorphic) form under selection favoring pollinator specificity 
(Neal et al. 1998). Changes from actinomophic to zygomorphic are observed in other groups of 
Melastomataceae (Renner 1989) and further studies can evaluate the generality of our results. 
Additionally, interesting prospects would include flower symmetry quantification using techniques such 
as 3D morphometrics (Van der Niet et al. 2010). 
  
6. CONCLUSIONS 
 Leandra s.str. flowers present strong phylogenetic signal and tend to be morphologically 
conserved among close relatives. Nonetheless, convergence is observed across the group, while extreme 
flower regimes seem to be quite distinct, and non-overlapping discrete flower types are not observed. 
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Ultimately, shifts in floral morphology imply concomitant pollinator shifts, but more natural history 
observations are necessary to confirm such hypotheses. Since different clades show differences in floral 
morphological evolution, with flowers more conserved in some groups than in others, such processes 
likely would be different across Leandra s.str. lineages. Additionally, anther color and inflorescence 
architecture seem to be associated with flower structures and should be further investigated. Phylogenetic 
uncertainty is still pervasive in some regions of the Leandra s.str. phylogeny, and a better picture of the 
relationships in the clade is desirable to further confirm the results presented here.   
 
 
7. APPENDICES 
 
Appendix 1. Measurements, discrete coding and voucher information for the species included in the analysis. Ant.L = 
anther length; Fil.L = filament length; Hyp.H = hypanthium height; Hyp.W = hypanthium width; Pet.H = petal height; 
Pet.W = petal width; Ant.Col = anther color; Glom. = glomerulate; Elev. = mean elevation.  
Species Ant.L Fil.L Hyp.H Hyp.W Pet.H Pet.W Ant.Col Glom. Elev. Voucher 
Clidemia atrata 4.5 5.2 4.4 3.5 3.5 3.1 Yellow 0 660 Matos, F.B. 2061 
Clidemia capilliflora 2.2 1.8 2.7 1.35 5.5 2.1 White 0 679 Reginato, M. 1294 
Clidemia fluminensis 4 6 4.8 2.9 6.3 2 Yellow 1 241 Kollmann, L. 3433 
Leandra acutiflora 1.4 1.5 2 2 2 0.7 White 0 853 Isernhagen, I. 327 
Leandra adenothrix 1.9 2.1 2.4 1.8 2.3 0.7 White 0 889 Kirkbride, J.H. 5062 
Leandra alpestris 1.8 2 2.3 2 2.3 1.4 White 0 1939 Caddah, M.K. 743 
Leandra amplexicaulis 2.9 2.7 4 2.5 5.1 1.6 Pink 1 862 Reginato, M. 1224 
Leandra aspera 3.8 4.85 4.5 3.5 4.6 1.2 Pink 1 1119 Kollmann, L. 10578 
Leandra aurea 2.29 2 2 1.7 2.4 1 Yellow 1 1061 Reginato, M. 1417 
Leandra australis 2 2.4 3.7 3.3 2.6 1.4 White 0 534 Reginato, M. 1080 
Leandra barbinervis 3.7 3.6 3.6 2.3 4 0.7 White 0 940 Cordeiro, J. 340 
Leandra blanchetiana 2.15 2.5 3.5 2.7 2.4 0.8 Pink 1 1101 Santos, A.K.A. 294 
Leandra brackenridgei 2.1 1.5 2.8 2.8 3.4 1.5 White 0 705 Gardia, R.J.F. 1691 
Leandra breviflora 2.4 2.2 3 3.2 3.3 2 White 0 1217 Reginato, M. 1130 
Leandra calvescens 1.2 1 2 1.7 2 0.5 Yellow 0 1395 Marzola, E.L.C. 150 
Leandra cancellata 4 5.1 4.5 3 3.5 2 Pink 1 1157 Reginato, M. 1356 
Leandra carassana 4.2 3.4 3.9 2.7 7 2.2 Pink 0 1205 Reginato, M. 1169 
Leandra cardiophylla 3 2.7 2.8 2.4 3.5 1.1 White 0 645 Mimura, I. 34 
Leandra catharinensis 2.5 2.5 4.1 2.2 2.8 1.1 White 0 1046 Reginato, M. 1062 
Leandra collina 3.2 2.8 3.6 3 2.6 1.4 White 1 832 Fosberg, F.R. 43341 
Leandra cordigera 1.4 1.6 2.3 1.9 3 1.2 White 0 1185 Landrum, L.R. 2299 
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Species Ant.L Fil.L Hyp.H Hyp.W Pet.H Pet.W Ant.Col Glom. Elev. Voucher 
Leandra coriacea 4 5.1 4 3.5 5.15 1.6 Pink 1 994 Reginato, M. 1404 
Leandra crenata 2.9 3 4 3 2.5 1.5 Pink 1 1820 Brooke 5694 
Leandra cristata 2 2 3.5 2.2 3.3 1.5 White 0 786 Kollmann, L. 5291 
Leandra debilis 1 1.2 2 2 2 0.9 Yellow 0 1100 Dusén, P.K.H. 7350 
Leandra dendroides 1.5 1.8 1.8 1.5 2.1 0.7 White 0 1586 Reginato, M. 1176 
Leandra dentata 3 3.5 3.6 4.3 3.5 1.6 White 0 1632 Almeda, F. 9775 
Leandra diffusa 2.5 2.1 2.7 2.2 3.5 1.5 White 0 812 Goldenberg, R. 1522 
Leandra echinata 2.7 3.3 4 3.3 4.8 1.8 White 0 664 Hatschbach, G.G. 22763 
Leandra eichleri 2.8 3.4 4 2.6 4.5 2.7 Pink 0 2379 Reginato, M. 1450 
Leandra erostrata 2.6 2.6 2.9 2 3.3 0.7 Pink 1 1380 Reginato, M. 1178 
Leandra euphorbioides 2.55 1.9 2.8 2 3.7 1 White 0 1480 Maguire, B. 49297 
Leandra fallacissima 2.6 2.8 3.3 4.5 4 1.6 White 0 755 Reginato, M. 1197 
Leandra fallax 2 2 2.2 2.5 2 1 White 0 644 Reginato, M. 1194 
Leandra fluminensis 2.1 2.2 3.2 3.2 3.3 1.4 Pink 1 1430 Semir, J. 4696 
Leandra fontanae 2 2 2.2 2 2.7 0.9 White 0 795 Reginato, M. 1190 
Leandra foveolata 4 5 4.5 2.6 3.5 1.5 Pink 0 1359 Eiten, G. 7761 
Leandra glabrata 2.5 3.1 3.3 2.7 2.5 0.7 Pink 1 1304 Salimena, F.R.G. 1173 
Leandra glazioviana 6.5 6 5.5 3.5 6 2 Pink 1 633 Kollmann, L. 8637 
Leandra gracilis 1.8 1.7 2.3 1.9 1.7 0.8 White 0 1059 Barros, W.D. 1218 
Leandra grayana 1.8 2 3.2 2.5 3.6 1.5 White 0 1500 Reginato, M. 1112 
Leandra gynoverrucosa 2.4 2.6 2.5 2 6 1 White 0 1808 Hatschbach, G.G. 45546 
Leandra hatschbachii 2.8 2.7 4.2 2.6 3.2 1.5 White 0 1520 Hatschbach, G.G. 17663 
Leandra heteroporata 3.3 4.8 3 2.9 5.9 1.4 White 0 597 Forzza, R.G. 2615 
Leandra hirta 2.6 3 3.5 2.1 2.7 1 White 1 713 Reginato, M. 1305 
Leandra hirtella 1.3 1.2 2.7 2 2.2 0.7 Yellow 0 965 Hatschbach, G.G. 6807 
Leandra humilis 2.1 1.8 3 2 2 1.3 White 1 1119 Reginato, M. 1069 
Leandra ionopogon 2.8 2.6 3.5 2.7 5.3 1.7 Yellow 0 678 Hatschbach, G.G. 18288 
Leandra itatiaiae 2.1 1.8 2.8 2.5 2.5 1.2 White 0 1219 Goldenberg, R. 801 
Leandra lacunosa 4.7 4.2 5.4 4 4.4 1.3 Pink 1 950 Romero, R. 3607 
Leandra laevigata 2.1 1.9 3 2.5 4.4 1.5 White 0 810 Santos, E.P. 252 
Leandra lancifolia 2.2 3.1 2.7 2.3 2.7 0.8 Pink 1 1100 Mezzonato, A.C. 8 
Leandra lapae 3 4 3.3 2.2 3.5 1 Pink 1 800 Godoy, S.A.P. 389 
Leandra melastomoides 4.15 6 4.2 2.8 6.5 1.5 Pink 1 758 Reginato, M. 1318 
Leandra microphylla 2 2.2 2.8 2.7 2.4 1.2 White 0 912 Smith, L.B. 14492 
Leandra mollis 3 3.6 2.4 2.4 3.7 1.2 White 0 1188 Reginato, M. 1128 
Leandra mouraei 3.3 2 2.15 2.4 3.7 1.3 White 0 1547 Caddah, M.K. 721 
Leandra multiplinervis 2.8 3.3 4.8 3.5 5 2.3 White 0 1559 Goldenberg, R. 790 
Leandra nana 3.8 4 5.7 4.2 5.6 1.7 Pink 1 1400 Reginato, M. 1427 
Leandra neurotricha 2.1 1.9 2.5 2.2 2.7 1.4 White 0 1876 Almeda, F. 9835 
Leandra nianga 2.15 2.4 3.3 2.3 2.5 0.7 Yellow 0 848 Carauta, J.P.P. 1391 
Floral diversity and evolution in Leandra s.str.     67 
 
 
 
Species Ant.L Fil.L Hyp.H Hyp.W Pet.H Pet.W Ant.Col Glom. Elev. Voucher 
Leandra pallida 1.7 1.8 2.8 2.2 3.9 1 White 0 1736 Hatschbach, G.G. 17312 
Leandra paulina 2.4 2.7 2.4 2 3.1 1.2 White 1 1036 Goldenberg, R. 492 
Leandra penduliflora 2 2.2 2.5 2.6 3.15 2 White 0 1735 Reginato, M. 1418 
Leandra pennipilis 2.5 2.9 2.9 3 3.6 1.6 Pink 0 1415 Reginato, M. 1353 
Leandra pilonensis 1.8 2.15 2.6 2.8 3.2 1.5 White 0 613 Maguire, B. 44564 
Leandra planifilamentosa 2.3 2.5 3.8 2.7 3.5 1.5 White 0 866 Reitz, R. 10551 
Leandra polystachya 2.8 3.8 4.2 2.8 4.7 2 Pink 1 1091 Hatschbach, G.G. 27712 
Leandra purpurascens 3.4 3.7 5 3.3 3.2 1.4 Yellow 0 899 Hatschbach, G.G. 32656 
Leandra purpureo-villosa 1.5 1.4 2.1 1.7 1.8 0.6 Pink 0 1056 Reginato, M. 1082 
Leandra quinquedentata 2.3 2.1 3 2.5 3.5 1.5 White 0 1362 Hatschbach, G.G. 17855 
Leandra quinquenodis 1.9 2.2 3.2 2.6 2.3 1.8 White 0 1100 Reginato, M. 1129 
Leandra refracta 1.6 1.7 2.3 2 2.7 1 White 0 855 Maguire, B. 44560 
Leandra regnellii 2.1 2.1 3.2 2.2 2.2 1 Yellow 0 781 Reitz, R. 2566 
Leandra reitzii 3.6 2.9 2 2.2 5 1.4 White 0 1054 Hatschbach, G.G. 23894 
Leandra reptans 2 1.7 3.2 2 2 1 White 0 724 Kollmann, L. 1087 
Leandra ribesiaeflora 2.2 1.9 2.9 2.8 3.4 1.5 White 0 795 Gehrt, A. 4464 
Leandra riedeliana 2.3 2.1 2.2 2 2 1 White 0 1562 Reginato, M. 1167 
Leandra riograndensis 1 1.3 1.8 1.4 1.5 0.9 White 0 1149 Reginato, M. 1061 
Leandra sabiaensis 1.1 1.3 2.3 1.9 2.3 1 White 0 977 Goldenberg, R. 746 
Leandra salicina 2.6 3.6 3.3 2.3 4.3 1.4 White 1 1168 Macedo, A. 4337 
Leandra santos-limae 3.5 5 4 2.3 5 1.3 White 1 803 Reginato, M. 1446 
Leandra sericea 3.4 4.6 3.2 2.3 3.9 1.5 Pink 1 997 Reginato, M. 1391 
Leandra strigilliflora 3 3.9 2.3 1.6 4.3 1.6 White 0 666 Reginato, M. 1331 
Leandra sulfurea 3.1 3 2.8 2.5 3.2 1 White 0 1948 Lanstyack, L. 154 
Leandra tetraquetra 3.1 2.4 2 1.6 1.9 0.5 Pink 0 924 Reginato, M. 1095 
Leandra therezopolitana 5 6 4.2 2.5 5.2 1 Pink 1 932 Reginato, M. 1097 
Leandra tomentosa 2.8 2.8 4.1 3.2 3.3 1.5 White 0 1629 Meirelles, J. 470 
Leandra ulaei 4.3 4.8 4 2 5.5 1.4 Pink 1 407 Reginato, M. 1454 
Leandra umbellata 5.5 7.6 5.8 3.1 6.2 2.4 Pink 1 756 Reginato, M. 1444 
Leandra variabilis 1.7 1.6 3 2 2.8 0.8 White 0 529 Cervi, A.C. 2426 
Leandra vesiculosa 2.8 3.2 3 4.5 1.8 0.9 White 0 1976 Reginato, M. 1345 
Leandra xanthocoma 6.2 4.2 5.1 2.6 5.2 2 Yellow 0 885 Ribas, O.S. 1327 
Leandra xantholasia 5.6 4.8 5.3 3.5 3.4 1.8 Yellow 0 1103 Reginato, M. 1118 
Leandra xanthostachya 2.7 3.4 3.9 3.4 4.3 2 Yellow 0 1091 Goldenberg, R. 738 
Ossaea amygdaloides 2.1 1.9 2.7 3.3 3.3 1.6 Yellow 0 567 Gibbs, P.E. 3525 
Ossaea angustifolia 2.7 3.9 2.2 2.3 3.2 1 White 1 625 Reginato, M. 1201 
Ossaea cabraliensis 2.8 2.9 3.2 2.5 3.5 1.4 Yellow 0 419 Thomaz, W.W. 13416 
Ossaea cinnamomifolia 1.5 1.8 1.9 1.6 2.7 0.7 White 0 1519 Pereira, E. 9230 
Ossaea cogniauxii 3.5 3.8 2.8 2 5 1.4 White 1 776 Reginato, M. 1419 
Ossaea confertiflora 1.6 1.5 2.2 1.9 2 0.7 White 0 460 Almeda, F. 8838 
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Species Ant.L Fil.L Hyp.H Hyp.W Pet.H Pet.W Ant.Col Glom. Elev. Voucher 
Ossaea congestiflora 4 4.5 3.8 2.7 4.6 1.6 Pink 1 1087 Goodland, R. 267 
Ossaea consimilis 3.7 5 4.5 2.5 5 0.7 White 1 559 Mello-Filho, L.E. 2986 
Ossaea coriacea 3 2.4 2.96 1.4 2.4 1.2 White 0 1433 Reginato, M. 1177 
Ossaea loligomorpha 3.5 2.5 4.5 1.4 3.7 0.8 White 1 172 Goldenberg, R. 1717 
Ossaea marginata 2 1.7 3.5 2.9 3.2 1.4 Yellow 0 438 Goldenberg, R. 755 
Ossaea sanguinea 1.8 2.4 3 2.2 4 1.2 White 0 485 Reginato, M. 1094 
Ossaea suprabasalis 1.6 1.3 2.6 2 2.2 1.1 White 0 784 Thomaz, L.D. 857 
Ossaea warmingiana 2.8 3.5 2.8 1.8 3.2 1.15 White 1 1017 Reginato, M. 1385 
Pleiochiton amorimii 4.2 3.2 4.3 3.4 5.1 2.8 Yellow 0 713 Amorim, A.M. 7024 
Pleiochiton blepharodes 3.6 4.5 4 3.1 6 3.5 Yellow 1 632 Hatschbach, G.G. 9851 
Pleiochiton ebracteatum 4.5 4 4.5 3 5.5 3.5 Yellow 0 711 Hatschbach, G.G. 7856 
Pleiochiton micranthum 3.5 4 2.25 2 3.5 2.2 Yellow 0 1155 Martinelli, G. 12244 
Pleiochiton parasiticum 4.5 4.5 4 2.8 5.5 2.5 Yellow 0 1617 Glaziou, A.F.M. 2997 
Pleiochiton parvifolium 4 4.5 4 3.5 5 2.5 Yellow 1 1511 Vieira, C.M. 54 
Pleiochiton roseum 3.5 4.5 3 2.5 3.5 2.2 Yellow 1 1164 Chiavegatto, B. 143 
Pleiochiton setulosum 4 4.2 3.5 3.5 4.2 2.8 Yellow 0 897 Martinelli, G. 11962 
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Appendix 2. Binary anther outlines used in the Elliptic Fourier Analysis. The generic name was abbreviated in the labels. 
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Appendix 3. Binary hypanthium outlines used in the Elliptic Fourier Analysis. The generic name was abbreviated. 
 
Floral diversity and evolution in Leandra s.str.     71 
 
 
 
Appendix 4. Binary petal outlines used in the Elliptic Fourier Analysis. The generic name was abbreviated in the labels. 
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Appendix 5. Binary style outlines used in the Elliptic Fourier Analysis. The generic name was abbreviated in the labels. 
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Appendix 6. Factor analysis variables contributions in the three first axes. In bold the highest contributions. 
 
Dim.1 Dim.2 Dim.3 
Anther shape PC1 10.33 4.28 5.11 
Anther shape PC2 0.03 0.24 34.80 
Hypanthium shape PC1 6.48 0.57 6.48 
Hypanthium shape PC2 2.56 8.47 2.22 
Petal shape PC1 0.28 25.68 0.02 
Petal shape PC2 6.09 0.12 8.20 
Style shape PC1 4.75 2.98 0.87 
Style shape PC2 4.77 0.18 7.26 
Anther length 12.40 1.00 0.30 
Filament length 12.93 0.21 0.03 
Hypanthium height 9.53 1.50 9.79 
Hypanthium width 4.18 11.30 14.80 
Petal length 9.40 0.64 0.20 
Petal width 5.21 18.08 0.02 
Anther color 5.20 13.62 8.72 
Glomerules 5.85 11.12 1.19 
 
Appendix 7. Phylogenetic signal (lambda) and p-value from the test of no phylogenetic signal. 
 
lambda p-value 
Flower PC1 0.844 0.000 
Flower PC2 0.851 0.000 
Flower PC3 0.34 0.000 
Anther shape PC1 0.762 0.000 
Anther shape PC2 0.467 0.018 
Hypanthium shape PC1 0.799 0.000 
Hypanthium shape PC2 0.531 0.000 
Petal shape PC1 0.574 0.000 
Petal shape PC2 0.645 0.000 
Style shape PC1 0.392 0.000 
Style shape PC2 0.162 0.131 
Anther length 0.691 0.000 
Filament length 0.792 0.000 
Hypanthium height 0.485 0.000 
Hypanthium width 0.189 0.142 
Petal length 0.361 0.000 
Petal width 0.529 0.000 
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Appendix 8. Phylogenetic ANOVA results. 
 
 
Observed difference Critical difference p-value 
Anther PC1    
Pink-White 34.8235 18.3171 0.014 
Pink-Yellow 19.12037 22.39264 0.344 
White-Yellow 15.70312 19.10528 0.353 
 
   
Anther length    
Pink-White 34.717303 18.3171 0.005 
Pink-Yellow 9.199074 22.39264 0.651 
White-Yellow 25.518229 19.10528 0.107 
 
   
Anther PC1    
Glomerules present/absent 43.7526 13.04476 0.001 
 
   
Anther length    
Glomerules present/absent 30.26421 13.04476 0.078 
 
   
Elevation    
background-regime I 4.553571 26.48565 0.874 
background-regime II 3.310714 19.23217 0.873 
background-regime III 20.017857 26.48565 0.276 
regime I-regime II 1.242857 27.81663 0.968 
regime I-regime III 24.571429 33.24723 0.409 
regime II-regime III 23.328571 27.81663 0.379 
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 Chapter 4  
Distributional ranges and disjunctions in 
Leandra s.str. (Melastomataceae, Miconieae)  
 
1. ABSTRACT   
In order to understand the biogeography of Leandra s.str., especially striking disjunctions 
between eastern Brazil and northern Central America, we gathered detailed distributional data for all 
species in this clade. The species that occur outside eastern Brazil were identified, climatic niche models 
for the disjuncts were compared, and the distributional range size of the species are discussed. Our results 
indicate Leandra s.str. is in its contracted distribution, regarding the Pleistocene glacial cycles. Although the 
surpassing of the "dry diagonal" could be facilitated during glacial periods, this open corridor is a effective 
barrier for Leandra s.str., given the reduced number of species that made it out of eastern Brazil. Although 
climatic variables, especially precipitation/seasonality, are associated with wider ranges in Leandra s.str., the 
disjunct species do not present significant differences in their climatic profiles. Our results support a short-
dispersion/stepping-stone migration scenario to account for the observed disjunctions in Leandra s.str., 
where range expansions during Pleistocene glacial periods followed by local extinctions during 
interglacial time might have shaped the distribution of Leandra s.str. 
2. INTRODUCTION   
Distribution patterns with disjunctions have fascinated biologists ever since they were first 
detected, and their interpretation is still one of the central problems in biogeography (Raven 1972). 
Among the most discussed examples are the intercontinental north temperate (North America, Europe and 
Asia), the Madrean-Tethian (North America and Europe), the Gondwanan (South America, Africa and 
Australia), the transatlantic (Neotropics and Africa), the pantropical (across all tropical regions), and the 
amphitropical (Raven 1972, Thorne 1972). Amphitropical disjunctions are characterized by taxa 
distributed in temperate regions of North and South America, but not in the intervening tropical areas. 
Such patterns have been further divided into three groups (Raven 1963). The first group is the bipolar 
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disjuncts (organisms that occur at high latitudes); the second encompass the temperate disjuncts (species 
with temperate areas of distribution whose ranges are bisected by the tropics); while the third relates to 
desert disjuncts (ranges disjunct between the Sonoran and Chihuahuan deserts of North America and 
similar desert areas in South America, Raven 1963).  
Amphitropical disjuncts are drawn from relatively few families and most are plants that occur in 
open habitats such as the seacoast or seasonally moist places where establishment would be relatively 
easy, while woody plants and even herbs of closed communities are scarcely represented  (Raven 1963). 
About 85% of the temperate disjuncts may have a north to south dispersal pattern, and probably achieved 
their distributions by long-distance dispersal in the late Pliocene or Pleistocene (Raven 1963). Few recent 
studies have explored the origin and evolution of the amphitropical disjunctions between North and South 
America (Vargas et al. 1998, Wen et al. 2002, Simpson et al. 2005, Moore et al. 2006) and no study has 
investigated such a pattern in the Melastomataceae. 
 Leandra s.str. is a highly diverse clade mostly restricted to eastern Brazil, with many narrowly 
distributed species. The clade has around 200 species that are usually shrubs or occasionally treelets, that 
produce berries with dozens of small seeds (ca. 1 mm long) that are dispersed by birds. Most of the 
species are commonly found inside or at the border of submontane or montane forested areas, but some 
species are found in open vegetation such as the high grasslands of eastern Brazil (“Campos de Altitude” 
and "Campos Rupestres", pers. obs.). The systematics of this group, scarcely challenged until very 
recently, is still under development, and for many species the only published data is the description from 
the 19
th
 century (details in Chapter 1 of this thesis). During the course of our systematic studies of 
Leandra s.str., we found two species with striking disjunct distributions between eastern Brazil and 
Mesoamerica, a pattern not previously reported in the Melastomataceae and altogether rare for tropical 
plants.  
 The main objectives of this Chapter are to identify all species of Leandra s.str. that occur outside 
eastern Brazil, and to provide a time-calibrated phylogenetic framework and climatic models of potential 
distribution for the taxa with disjunctions, comparing the models under current climatic conditions and 
conditions estimated for the Last Glacial Maximum (21k years before present). Additionally, we attempt 
to estimate distributional range sizes for Leandra s.str. species and investigate whether climatic variables 
have influence on them. Finally, we compare climatic variables among the species with disjunctions and 
the remaining taxa.   
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3. MATERIAL AND METHODS  
3.1. Phylogenetic hypothesis and Molecular Clock 
  The molecular data set presented in Chapter 1 of this thesis was used to infer a calibrated 
chronogram. Overall, tree inference was performed as described in Chapter 1, using the *BEAST method 
(Heled & Drummond 2010), implemented in the program BEAST 1.7.5 (Drummond et al. 2012). 
Additionally, the chronogram was calibrated using divergence times estimated for Leandra s.str. and 
close relatives from Michelangeli et al. (in prep.). Two normally distributed priors were set at the crown 
of Leandra s.str. (mean of 9, standard deviation of 1) and at the crown of the "Clidemia grade" (mean of 
12, standard deviation of 2), respectively. The molecular clock prior was set to the lognormal uncorrelated 
(hyper prior exponentially distributed with a mean of 1), the tree prior was set to the Birth-and-Death, the 
population size was set to constant over time, and the partitions ploidy type were set accordingly. We ran 
three independent analyses of 300 million generations each, sampling every 20,000 generations. 
Convergence was assessed in Tracer v.1.5 (Rambaut & Drummond 2007), and runs were considered 
satisfactory with ESS values greater than 200. The stable posterior distributions of the independent runs 
were combined using LogCombiner v.1.7.5 and summarized using TreeAnnotator v.1.7.5 (Drummond et 
al. 2012). Clades are named following the informal scheme adopted in Chapter 1 and are indicated in 
Figs. 2 and 4.     
3.2. Distributional and climatic data 
 A collection database for species of Leandra s.str. was compiled using herbarium records and 
online data available through the biodiversity portals speciesLink (http://splink.cria.org.br/) and GBIF 
(http://data.gbif.org). The taxonomy of the specimens in the database was updated and the data was 
filtered in several ways. Briefly, when distributional outlier records for each species were identified 
("taxonomic suspicious"), or when specimens with coordinates that matched the centroid of the 
municipality or with up to two decimal places ("coordinates suspicious"), the records were deleted. 
Elevational and climatic variables of interest for each species were extracted from the layers of the 
WorldClim data set (Hijmans et al. 2005). The records were intersected to the layers using the R package 
raster (Hijmans 2013) and the mean and standard deviation for all species were calculated.  
3.3. Climatic Modeling 
 The potential distribution of the species with disjunct populations under current climatic 
conditions and estimates of the Last Glacial Maximum (LGM, 21ka) were modeled in Maxent 3.3.2 
(Phillips & Dudik 2008). Climatic models were based on the 19 climatic variables from the WorldClim 
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data set plus elevation (Hijmans et al. 2005), under current climatic conditions (30" spatial resolution) 
cropped to span the Neotropical region. Models were trained based on the presence-only records (75% 
training and 25% testing) and projected to both present-day and LGM layers at the same spatial resolution 
(2.5'). Two data sets of LGM layers from WorldClim (Hijmans et al. 2005), including the same 19 
climatic variables, were used. The LGM layers were compiled based on the on the models of the 
Community Climate System Model (CCSM, Collins et al. 2004) and the Model for Interdisciplinary 
Research on Climate (MIROC, Hasumi & Emori 2004). The average of the output of the two models was 
calculated and used for discussion. For each model, ten replicates were calculated and the average was 
taken, and other parameters were left as the default options of Maxent. Model performance was evaluated 
with the area under the curve (AUC) of the receiver operating characteristic (ROC) plot generated by 
Maxent. Additionally, the distribution of L. multiplinervis was modeled by including just the point 
localities of eastern Brazil. For this analysis we aimed to predict suitable areas for this species outside 
eastern Brazil given its distribution in the latter region. This model was based on the current climatic data 
set and estimated under the same settings as the previous ones.   
3.4. Distributional Ranges 
 Distributional ranges for all species included in the phylogenetic hypothesis of Leandra s.str. 
were estimated based on their known records and climatic niche model. The latter were estimated in 
Maxent using the same parameters and climatic variables above mentioned. To estimate the ranges a 
routine was implemented in R using several functions from the packages maptools (Bivand & Lewin-Koh 
2013), raster (Hijmans 2013), rgeos (Bivand & Rundel 2013) and sp (Pebesma & Bivand 2005). The 
workflow consisted of: buffer the known distribution (2 degrees was used); threshold the projected model 
(different values used for different ENMs, ranging from 0.1 to 0.6, according to the quality of the model - 
AUC); binarize the resulting raster; polygonize the binary raster; drop polygons which do not intersect 
any known point data; save the remaining polygon(s); and calculate the area (square degrees).  
3.5. Analysis 
 Phylogenetic signal of distributional range size was estimated using the Pagel’s lambda method 
(Pagel 1999) implemented in the R package phytools (Revell 2012). To quantify the strength of 
relationship among distribution range area and climatic variables (mean and standard deviation) the pgls 
method (Freckleton et al. 2002) was implemented in the R package caper (Orme et al. 2013). This method 
fits a linear model while controlling for the non-independence between the samples resulting from the 
phylogenetic structure in the data (Freckleton et al. 2002). The structure of the phylogenetic signal was 
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controlled by optimizing the parameter lambda using Maximum Likelihood. The p-values were corrected 
using the Holm-Bonferroni method for multiple comparisons (Holm 1979). 
 Climatic variables were compared among species with disjunctions and close relatives. We opted 
for not comparing sister species due to phylogenetic uncertainty. A subset of the climatic data including 
only taxa with disjunctions and close relatives (i.e. members of Carassanae clade) was used for this 
analysis. For each climatic variable one taxon with disjunct distribution was compared to a non-disjunt 
close relative at a time. Taxon pairs were compared with a Mann-Whitney-Wilcoxon Test (two sided 
alternative) implemented in R (R Core Team 2014). Significance was evaluated by 1000 randomizations 
of taxa pairs.   
4. RESULTS  
4.1. Distribution and timeframe 
 Leandra s.str. is estimated to include 215 accepted species (Chapter 1), from which only seven 
taxa extend their distributions outside eastern Brazil and only two species are not found in eastern Brazil. 
The geographical distribution of these nine taxa is illustrated in Fig. 1 (A-H), as well the distribution of 
all the remaining species (Fig 1-I). Two of the species found inside and outside of the Atlantic forest, L. 
multiplinervis (Fig. 1-A) and L. regnellii (Fig. 1-B) present a similar disjunct distribution pattern, with 
populations in the Atlantic Forest and in northern Central America (El Salvador, Guatemala and 
Honduras) and southern Mexico. Additionally, L. regnellii also presents some populations in the Andes 
(Bolivia). Interestingly, L. multiplinervis is not a widespread species in eastern Brazil, being restricted to 
the south/southeastern coastal mountains, while L. regnellii is predominantly, and commonly, found in 
the Araucaria Forest region, both species occurring in forested areas. The remaining species that extend 
their distributions outside eastern Brazil present disjunct populations in the Andes (Bolivia and Peru). 
Among those, L. aurea (Fig. 1-D), L. erostrata (Fig. 1-E) and L. polystachya (Fig. 1-F) seem to share a 
common pattern; they are predominantly found in open vegetation and, although widespread, are more 
centered in central Brazil (Cerrado region), while L. carassana (Fig. 1-C) is more common in 
south/southeastern forested areas. The two species found exclusively outside eastern Brazil, L. crenata 
(Fig. 1-G) and L. lindeniana (Fig. 1-H), are predominantly found in open vegetation. These two species 
are morphologically very similar to each other, as well to L. aurea and other eastern Brazilian relatives 
(like L. blanchetiana, L. coriacea and L. lacunosa).  
 The time-calibrated phylogenetic hypothesis of Leandra s.str. is presented in Fig. 2. All species 
with disjunct populations and the exclusively Andean taxa, belong to the same major clade of Leandra 
Biogeography of Leandra s.str.     83 
 
 
 
s.str. (Carassanae clade), but are in different sub-clades and not closely related. The chronogram suggests 
that all species with disjunct distributions between Atlantic Forest and the other regions arose during the 
Pleistocene.  
 
 
Figure 1. Distribution of species of Leandra s.str. A. L. multiplinervis. B. L. regnellii. C. L. carassana. D. L. aurea. E. L. 
erostrata. F. L. polystachya. G. L. crenata. H. L. lindeniana. I. Remaining  species.  
 
 
Figure 2. (next page). Chronogram of Leandra s.str. Colored boxes beside the tips indicate the presence of that species in 
the Atlantic Forest, Andes or Mesoamerica, according to the map colors. Major numbered clades are labeled according to 
the legend. 
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4.2. Climatic Modeling  
 We compared the modeled distributions of the disjunct species of Leandra s.str. under current 
climatic conditions and the Last Glacial Maximum (21k: LGM). The species that shared a common 
pattern were then modeled together and the results are presented in Fig. 3A-C. All models presented high 
AUC values, ranging from 0.986 to 0.994, indicating good fit. Overall, under current climatic conditions 
the three models show a discontinuity of suitable areas between eastern Brazil (Cerrado) and southern 
Andes, in the Chaco region. Under the LGM conditions (21k), all models point to an expansion in the 
species ranges. Although with low probabilities, a continuous connection of suitable areas between 
eastern Brazil (Cerrado) and southern Andes also becomes apparent under the LGM models. 
Additionally, the LGM models also predicted suitable areas connecting regions within eastern Brazil that 
under current models are disjunct. This is more evident in the model of L. carassana (Fig 3C), which 
shows disjunct suitable areas in southern Bahia and Chapada Diamantina under current climate conditions 
(also has populations in those areas), while the LGM predicts a continuous suitable scenario throughout 
eastern Brazil. The models predicted for the Mesoamerica/Atlantic Forest (Fig 3A) and Peru/Atlantic 
Forest (Fig. 3C) disjuncts are very similar, with most of the suitable predicted areas in south/southeastern 
Brazil, the Andes and in the mountain ranges of Mesoamerica. The models predicted for the central 
Brazilian disjuncts (Fig. 3B) are also extensively congruent with the others, differing mainly by the 
greater area predicted in the Guyana region.  
 The distribution model of L. multiplinervis under current climatic conditions, including just the 
point localities of eastern Brazil, is presented in Fig. 3D (AUC = 0.998). Outside its known occurrence 
area in eastern Brazil, the model predicted areas mainly in southern Andes and Mesoamerica. 
Nonetheless, the only areas predicted with high probability were in Mesoamerica, where the species is 
indeed currently found. Interestingly, the area predicted in southern Andes is where the species that seems 
to share the same distributional pattern (L. regnellii) is found.   
   
 
 
Figure 3. (next page). Modeled distributions of the Leandra s.str. disjuncts with similar distribution patterns (A-C) and 
the eastern Brazilian occurrences of L. multiplinervis (D). A. Atlantic Forest/Mesoamerica disjuncts (L. multiplinervis and 
L. regnellii), B. Central Brazil disjuncts (L. aurea, L. crenata, L. erostrata, L. lindeniana and L. polystachya). C. Atlantic 
Forest/Peru disjunct (L. carassana). A-C. From left to right: point localities used in the model; modeled distribution under 
current climatic conditions; modeled distribution under the Last Glacial Maximum (21k). D. L. multiplinervis, from left to 
right: point localities used in the model, the red points were not included in the model; modeled distribution under 
current conditions; detail of the model in Mesoamerica region. Probabilities of occurrence follow the legend.  
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4.3. Distributional Ranges 
 The geographical distributional ranges for all species of Leandra s.str. included in our 
phylogenetic hypothesis were estimated and are illustrated in Appendices 1-5. The climatic niche models 
used to estimate the distributional ranges presented AUC values greater than 0.9. Overall, the models 
provided good estimates of the ranges. The exceptions are the taxa found exclusively in high altitude, 
where overprediction was extensive, and higher threshold values were applied. The area of the species 
range distributions were estimated and are presented in Fig. 4A. Phylogenetic signal for distributional 
range size in Leandra s.str., although not high, was significantly different from a trait without signal (p-
value = 0.001, lambda = 0.2). The great majority of the species in Leandra s.str. have small range sizes 
(Fig. 4B). Although in all clades narrowly distributed taxa are observed, some clades have species with 
predominantly small ranges, like in Pleiochiton, Oxymeris, Cerrado and Capixabae, while in Leandraria a 
relatively higher number of species are more widespread, and in Carassanae the majority of the widest 
distributional ranges are observed (Fig. 4C). Although the disjunct species present wide ranges, other 
non-disjunct species present equal or wider ranges. The relationship of some climatic variables and 
distributional range size was investigated and the results are given in Table 1 and Figure 5. In these 
analyses, we aimed to quantify the extent to which distributional range sizes are influenced by climatic 
variability within species. The results show that wider variability of both elevation (Fig. 5A) and precipitation 
variables (Fig. 5C-D) are significantly associated with wider distributional ranges, while temperature plasticity 
does not seem to correlate with the size of the distribution in Leandra s.str. (Fig. 5B). Regarding the species 
involved in disjunctions of eastern Brazil and Andes/Mesoamerica, no significant difference is observed 
in the climatic variables of closely related  disjuncts and non-disjuncts (Table 2).  
 
 
Table 1. Phylogenetic generalized least squares results of distributional range area and the coefficient of variation of 
climatic variables. Bio1 = Annual Mean Temperature; Bio10 = Mean Temperature of Warmest Quarter; Bio11 = Mean 
Temperature of Coldest Quarter; Bio12 = Annual Precipitation; Bio16 = Precipitation of Wettest Quarter; Bio17 = 
Precipitation of Driest Quarter.  
 
Elevation Bio1 Bio10 Bio11 Bio12 Bio16 Bio17 
R-squared 0.031 -0.007 -0.008 0.019 0.041 0.167 0.200 
p-value 0.029 0.669 0.776 0.068 0.014 0.000 0.000 
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Table 2. Pairwise comparisons of species involved in disjunctions and close relatives. The climatic variables were 
compared using a Mann-Whitney-Wilcoxon Test and significance was evaluated by 1000 randomizations of taxon pairs. 
Bio1 = Annual Mean Temperature; Bio10 = Mean Temperature of Warmest Quarter; Bio11 = Mean Temperature of 
Coldest Quarter; Bio12 = Annual Precipitation; Bio16 = Precipitation of Wettest Quarter; Bio17 = Precipitation of Driest 
Quarter.  
 
 
Elevation Bio1 Bio10 Bio11 Bio12 Bio16 Bio17 
p-value 0.284 0.411 0.366 0.382 0.533 0.477 0.346 
 
 
 
 
 
 
Figure 4. A. Chronogram of Leandra s.str. showing the distributional ranges areas for each species. B. Histogram of 
distributional range area for Leandra s.str. species. C. Box plot of distributional range area by clade.  
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Figure 5. Phylogenetic generalized least square models of geographical range area and elevation (A), annual mean 
temperature (B), annual precipitation (C), and precipitation of driest quarter (D). The asterisk indicates significant 
correlation.  
5. DISCUSSION 
 It is well established that the "dry diagonal", composed of the Chaco, Cerrado, and Caatinga, is an 
effective barrier for many Atlantic Forest taxa (Fiaschi & Pirani 2009). This also seems to be the case for 
Leandra s.str., given the few taxa found outside eastern Brazil, despite the presence of climatically 
suitable areas. Nonetheless, our results also suggest that the whole Amazon region is a barrier for Leandra 
s.str., both under current and LGM climatic conditions, while the "dry diagonal" seems to have been less 
stringent barrier during the LGM. The Leandra s.str. disjunctions between Atlantic Forest and the other 
regions are likely to have occurred during the Pleistocene. The recent origin of amphitropical disjuncts in 
other plant groups were suggested earlier by pre-molecular studies, mainly based on morphological 
similarity of populations/species (Raven 1963), and have also been confirmed by some recent analysis 
(Wen et al. 2002).   
 Plant disjunctions between eastern Brazil and the southern Andes, involving both open vegetation 
and forest taxa, are relatively common (Fiaschi & Pirani 2009). Recently, it was suggested that the 
Bolivian savannas should be included within the Cerrado range (Werneck et al. 2012). Additionally, 
climatic models also revealed past connections of the disjunct savannas of the Guyana shield plateaus 
with Cerrado and the savannas in Bolivia (Werneck et al. 2012). Floristic affinities between these regions 
have also been suggested based on the distributional patterns in groups such as Eriocaulaceae and 
Velloziaceae, among others (see review in Fiaschi & Pirani 2009). This scenario is supported by the 
patterns observed for the central Brazilian Leandra s.str. disjuncts, which are also found in Bolivia (L. 
aurea, L. erostrata and L. polystachya), and their close relative in the Guyana region (L. lindeniana). On 
the other hand, an important component of the southern flora and/or cloud forest of eastern Brazil have 
migrated from the Andes (Rambo 1951, Safford 2007), this pattern is shared by Fuchsia, Ericaceae, 
Drimys, Berberis, among others (references in Fiaschi & Pirani 2009, Safford 2007). Although this 
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pattern has been noticed across several groups, the opposite dispersal route, as observed in Leandra s.str., 
is less frequent. Noteworthy, is the disjunction found in the Huberia (Melastomataceae, Baumgratz 2004), 
which is similar to the L. carassana pattern. 
 While the distribution of L. multiplinervis and L. regnellii fits the general concept of an 
amphitropical pattern (i.e. species with distribution ranges bisected by the tropics), there are some 
important differences. The great majority of plant groups with amphitropical distributions occur in the 
western portion of South America, usually in open environments and they are mostly herbaceous (Raven 
1963). Additionally, most of these plant groups seem to have originated in the northern portion of their 
distributions and later arrived in South America through long distance dispersal (Raven 1963, Thorne 
1972). Conversely, L. multiplinervis and L. regnellii are shrubs that inhabit forested habitats, and the 
group clearly has an origin in eastern South America. For these two species of Leandra, the distribution 
model under the LGM provides a plausible scenario under which they may have reached Central America 
via the southern reaches of the Araucaria Forest or western Central Brazil into the Andes and then north. 
The present day disjunct distribution could then be the result of local extinction along the Andes, rather 
than long distance dispersal. Such a stepping stone scenario has been proposed for some groups with 
Andean and western North American temperate distributions, such as Ribes (Grossulariaceae, Thorne 
1972).   
 Distributional ranges are thought to be the result of a complex interaction of abiotic tolerances, 
dispersal capacity, history and biotic interactions (Wisz et al. 2013 and references therein). Here, we 
investigated the potential effect of climatic tolerances in distributional ranges of Leandra s.str. A 
significant association of range size with precipitation variability was observed. A greater plasticity for 
seasonal environments, regarding rainfall, seems to be associated with wider ranges in this group. In 
eastern Brazil, the vegetation types show distinct precipitation profiles, with the very moist forest in the 
coast and a progressive decrease of moisture towards the interior (IBGE 1992). Leandra s.str. 
distributional ranges seems to be highly influenced by this vegetation/moisture gradient, where the 
species with the largest ranges are the ones found across different vegetation types, while the more 
narrowly distributed are usually restricted to some specific vegetation type (cloud forest, Campos de 
Altitude, Campos Rupestres, etc.). Although wide or narrowly distributed species are found across the 
whole group, the Leandraria and Carassanae clades present the great majority of species with wide 
ranges, indicating a non random distribution of this trait in Leandra s.str., which is also confirmed by the 
significant phylogenetic signal estimate. We did not find any significant difference in the climatic profiles 
of the species with disjunct distributions between eastern Brazil and the Andes/Mesoamerica compared to 
the climatic profiles of non-disjunct close relatives. It has been demonstrated that close relatives in 
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Leandra s.str. tend to share similar climatic tolerances, but different climatic regimes are observed across 
the group (Chapter 5). Thus, given the association of some climatic variables with range size, both 
phylogenetic signal and lack of divergence of disjuncts and non-disjuncts are in agreement with the 
climatic evolutionary scenario recovered for the group (Chapter 5). Morphological differences are 
unlikely explanations between disjunct and non-disjunct taxa or even for range sizes in Leandra s.str., 
since many narrowly distributed taxa might be morphologically very similar to widespread ones. Seed 
production and dispersal capacity are certainly remarkable variables in plant ranges. Most temperate 
disjuncts have an autogamous breeding system (Raven 1963). Apomixis, the ability of producing seeds 
without fertilization, has been reported for some species of Leandra s.str. (Goldenberg & Sheperd 2008). 
The extent to which apomixis might influence range distributions in Leandra s.str. still needs to be 
evaluated, since the amount of data currently available prevents any conclusion. Biotic interactions are 
known to affect spatial patterns of species via several mechanisms, including predation, competition, 
resource-consumer interactions, host-parasite interactions, mutualism and facilitation (Wisz et al. 2013). 
Such information is lacking in Leandra s.str., and certainly should be explored.  
6. CONCLUSIONS 
 Leandra s.str. is in a contracted phase of distribution, in respect to the Pleistocene glacial cycles. 
Although crossing the "dry diagonal" seems to have been facilitated during glacial periods, this open 
corridor is a very effective barrier for Leandra s.str. Climatic variables, especially 
precipitation/seasonality, seem to be associated with wider ranges in Leandra s.str., and the species 
involved in disjunctions do not present significant differences in their climatic profiles.  
 Although we cannot rule out long-distance dispersal as an explanation for the patterns observed in 
Leandra s.str., given their berry fruit type and bird dispersal. However, many populations that are 
currently disjunct were potentially connected in the recent past, range expansions during the Pleistocene 
followed by local extinctions during interglacial time might account for the disjunctions observed in 
Leandra s.str., both within eastern Brazil and between this core region and other biogeographical units of 
the Neotropical region. The odd distribution of L. multiplinervis has been known for a long time 
(Cogniaux 1891), but never received any consideration. This might be due in part to the fact that the 
artificial genus Leandra, as traditionally circumscribed, is widespread in the Neotropical region, 
obscuring the relevance of this interesting pattern.  
7. APPENDICES 
 
Biogeography of Leandra s.str.     92 
 
 
 
Appendix 1. Estimated distributional ranges of Leandra s.str. in northern South America based on known records and 
climatic niche modelling:  Taxa are arranged alphabetically. Clidemia atrata until Leandra debilis. 
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Appendix 2. Estimated distributional ranges of Leandra s.str.: Leandra dendroides until Leandra laevigata. 
 
Biogeography of Leandra s.str.     94 
 
 
 
Appendix 3. Estimated distributional ranges of Leandra s.str.: Leandra lancifolia until Leandra quinquedentata. 
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Appendix 4. Estimated distributional ranges of Leandra s.str.: Leandra quinquenodis until Leandra xanthocoma. 
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Appendix 5. Estimated distributional ranges of Leandra s.str.: Leandra xantholasia until Pleiochiton setulosum. 
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 Chapter 5  
Biogeography and climatic niche evolution of 
Leandra s.str. (Melastomataceae, Miconieae)   
 
1. ABSTRACT   
 Leandra s.str. clade is estimated to include around 200 species of predominantly shrubs and is 
one of the most diverse lineages of plants in the Atlantic Forest of Brazil. We reconstructed the historical 
biogeography of Leandra s.str., and propose discrete biogeographical areas for ancestral distribution 
estimation, explore the climatic evolution, and discuss the role of sympatry/allopatry the clade. Overall, 
there is an extensive match between the areas recovered for Leandra s.str. with topographical features and 
vegetation type, while in the coastal areas the boundaries coincide with major river valleys. In general, 
range expansions or switches among areas seem to be recurrent throughout the history of Leandra s.str., 
but no clear congruence in time is observed. A strong climatic conservatism among closely related species 
is observed, but climatic stasis is not totally observed given the moderate number of shifts/regimes 
recovered. Some climatic shifts are associated with changes in the geographical distribution, while others 
might be associated with shifts in elevation within the same area. The results suggest that sympatric 
speciation is significantly favored as a general pattern for Leandra s.str. and Capixabae clades. Although 
only these two clades presented significant values, the same trend is observed in most of the clades 
analyzed, while in Oxymeris is less pronounced and Leandraria shows a different pattern.    
2. INTRODUCTION   
 The Neotropical Miconieae, with ca. 1800 species, is the largest tribe in the Melastomataceae 
(Goldenberg et al. 2008). Recent molecular phylogenetic studies have demonstrated an association of its 
major lineages with major biogeographical units of the Neotropical region: Amazon, Andes, Caribbean, 
Mesoamerica and eastern Brazil (Goldenberg et al. 2008, Michelangeli et al. 2008, Michelangeli et al. in 
prep.). Current data suggest that there are at least three major radiations nearly restricted to eastern Brazil 
in the tribe Miconieae (Michelangeli et al. in prep.). The eastern Brazilian radiations include two clades in 
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Miconia s.str. (totaling ca. 50 spp.) and the Leandra s.str. clade. The latter seems to be derived from an 
Amazonian ancestor that reached eastern Brazil around nine million years before present (Michelangeli et 
al. in prep.; see Chapter 4).  
 Leandra s.str. clade is estimated to include around 200 species of predominantly shrubs that are 
commonly found bordering or inside forested areas (Chapter 1 of this thesis). Many species are narrowly 
distributed and the great majority are endemic to eastern Brazil, occurring predominantly in middle to 
high elevations (Chapter 4). The species that extend their distributions outside eastern Brazil were the 
focus of another portion of this study (Chapter 4). Among the eastern Brazilian species of Leandra s.str., 
the majority are found only in the Atlantic Forest (under its narrower definition, Joly et al. 1999), where 
the coastal mountains of south/southeastern Brazil are especially species rich. Endemism is also observed 
in other regions, such as Araucaria Forest, Campos Rupestres and southern Bahia.  
 The diversity of Leandra is the sixth highest among angiosperm genera in the Atlantic Forest 
(Stehmann et al. 2009). Although the genus is polyphyletic, all Leandra species endemic to eastern Brazil 
likely belong to Leandra s.str., which places the clade as one of the most diverse lineages of Atlantic 
Forest plants (Chapter 1). The Atlantic Forest is one of the best defined biogeographical regions in South 
America. From a continental perspective, the Atlantic Forest can be considered an island, because it is 
isolated from other large blocks of South American forests (Amazonian and Andean forests) by a corridor 
of open to semi-open formations, comprising Caatinga, Cerrado and Chaco (Fiaschi & Pirani 2009). Due 
to this isolation, the Atlantic Forest harbors a unique biota with many endemic genera and species 
(Fiaschi & Pirani 2009). Recently, several phylogeographical studies have focused in the Atlantic Forest 
(Ribeiro et al. 2011, Martins 2011 and references therein); however historical studies involving deeper 
time remain sparse. Noteworthy, are the studies of Perret et al. (2006) and Simon et al. (2011), where the 
latter presented a compilation of four studies while discussing the history of the neighboring Cerrado. A 
review of plant biogeographical studies relating to Brazil was provided by Fiaschi & Pirani (2009).  
 Probabilistic modeling of geographic range evolution has enabled the use of a model-based 
maximum likelihood framework to address biogeographical problems (Matzke 2013). Such models are 
based on geographic areas defined prior to analysis, and if areas are appropriately defined, they can be 
more powerful than continuous ones in reconstructing biogeographic patterns over long time scales 
(Ronquist & Sanmartin 2011). Suitable areas for discrete-model analysis are usually identified on the 
basis of geological features, habitat data, or the question under study (Ronquist & Sanmartin 2011). 
However, fuzzy geographical boundaries and overlapping taxa can make this process difficult (Ronquist 
& Sanmartin 2011), and needs to be carefully considered in biogeographical analysis. The Atlantic Forest 
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and/or eastern Brazil are usually treated as a single area or with few sub-divisions in biogeographical 
classifications (review in Morrone 2014). Despite the limited detail in eastern Brazil, contradictory 
boundaries are usually observed, making it difficult to choose a particular scheme to base our model.   
 Here, we reconstruct the historical biogeography of Leandra s.str. which will generally contribute 
to a better understanding of the history of the Atlantic Forest and associated biomes. Discrete 
biogeographical areas are proposed to encompass the distribution of this group in eastern Brazil and the 
ancestral distribution, including dispersal and vicariance events, are estimated. Additionally, we explore 
the climatic niche evolution and discuss the role of sympatry/allopatry in this group.  
3. MATERIAL AND METHODS  
3.1. Phylogenetic hypothesis and Molecular Clock 
  The molecular data set presented in Chapter 1 of this thesis was used to infer a calibrated 
chronogram. Overall, tree inference was performed as described in Chapter 1, using the *BEAST method 
(Heled & Drummond 2010), implemented in the program BEAST 1.7.5 (Drummond et al. 2012). 
Additionally, the chronogram was calibrated using divergence times estimated for Leandra s.str. and 
close relatives from Michelangeli et al. (in prep.). Two normally distributed priors were set at the crown 
of Leandra s.str. (mean of 9, standard deviation of 1) and at the crown of the "Clidemia grade" (mean of 
12, standard deviation of 2), respectively. The molecular clock prior was set to the lognormal uncorrelated 
(hyper prior exponentially distributed with a mean of 1), the tree prior was set to the Birth-and-Death, the 
population size was set to constant over time, and the partitions and ploidy type were set accordingly. We 
ran three independent analyses of 300 million generations each, sampling every 20,000 generations. 
Convergence was assessed in Tracer v.1.5 (Rambaut & Drummond 2007), and runs were considered 
satisfactory with ESS values greater than 200. The stable posterior distributions of the independent runs 
were combined using LogCombiner v.1.7.5 and summarized using TreeAnnotator v.1.7.5 (Drummond et 
al. 2012). Clades are named following the informal scheme adopted in Chapter 1 and are indicated in Fig. 
5.      
3.2. Distributional and climatic data 
 A specimen database for species of Leandra s.str. was compiled using herbarium records and 
online data available through the biodiversity portals speciesLink (http://splink.cria.org.br/) and GBIF 
(http://data.gbif.org). The taxonomy of the specimens in the database was updated and the data was 
filtered in several ways. Briefly, distributional outlier records for each species were flagged as 
"suspicious", specimens with longitude and latitude of the municipality or with up to two decimal places 
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were flagged as "coordinates suspicious", and both were not further considered. Elevational and climatic 
variables of interest for each species were extracted from the layers of the WorldClim data set (Hijmans et 
al. 2005). The records were intersected to the layers using the R package raster (Hijmans 2014) and the 
mean for all species was calculated. 
3.3. Biogeographical areas  
  Distributional range estimates of 134 species of Leandra s.str. were used to build a diversity map 
of this group (see Methods of Chapter 4 for details of distributional range estimation and taxa included). 
The diversity map was built using the polygons representing the range of each species, which were 
transformed into binary rasters and then stacked into a single raster file. The raster was cropped to include 
only eastern Brazil (i.e., Andes and Mesoamerica were excluded). The diversity raster file was then used 
on a recursive range break analysis. The basic idea of the process is to find breaks in the distributional 
range, taking into account the overlapping ranges of individual species. A routine was implemented in R 
(R Core Team 2014) using functions from the packages maptools (Bivand & Lewin-Koh 2013), raster 
(Hijmans 2014), rgeos (Bivand & Rundel 2013) and sp (Pebesma & Bivand 2005) as follows. The 
diversity raster was transformed into polygons, the area of each polygon was estimated, the polygon with 
the greatest area was identified and kept for the next step, while the other isolated polygons were dropped 
and saved. The diversity raster was cropped to the extent of the polygon saved in the previous step, 
thresholded and the process was repeated. Based on our diversity raster, thresholds of 1, 5, 15 and 30 
overlapping species were applied. After this first phase, the initial diversity map was cropped to exclude 
all the saved polygons (i.e. to include just the thresholded areas in the process), and the process was 
repeated backwards (i.e. with thresholds of 15, 5 and 1). Small polygons (< 0.2 square degrees) and/or 
polygons contained in other polygons were dropped and the remaining compiled on a single shape file 
(Leandra s.str. sub-areas). A summary of this process is given in Fig. 1.  
 Since some sub-areas include only a few widespread species, and the likelihood framework 
adopted here for ancestral inference would be prevented by such high number of areas, we further merged 
some sub-areas. The 134 species of Leandra s.str. were then coded as present or absent in the 21 sub-
areas recovered in the range break analysis. A distance matrix using the presence/absence data was 
generated using the Kulczynski coefﬁcient (Shi, 1993). The Kulczynski coefﬁcient does not take shared 
absences into account and uses the average of the directional distances between two compared areas. The 
comparison of an area containing a large number of species with an area occupied by only a few species, 
which are also present in the ﬁrst area, will return a very low Jaccard similarity, but a Kulczynski distance 
close to 0.5 (Moline & Linder 2006). The distance matrix was used to calculate a cluster, where the Ward 
method was employed. Those analyses were performed in R using the packages vegan (Oksanen et al. 
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2013) and stats (R Core Team 2014). Sub-areas where just one species was present were dropped from 
this portion of the analysis.  
 The cluster recovered in the previous analysis was used to circumscribe the biogeographical areas 
of Leandra s.str. Since the cluster could be split in several different arbitrary ways, the species were 
optimized in the cluster using parsimony (acctran) and used as guidance for the biogeographical area 
delimitation, where sub-areas with no endemic species were merged with sister sub-areas. Parsimony 
optimization was performed using the R package phangorn (Schliep 2011).  
3.4. Historical reconstruction 
 Ancestral area estimation for Leandra s.str. was performed in R using the package 
BioGeoBEARS (Matzke 2013). This package implements in a likelihood framework several models of 
geographic range evolution, while allowing to test which model best fits the geographical and 
phylogenetic data under analysis (Matzke 2013). The species in our phylogenetic hypothesis were coded 
as present/absent in the biogeographical areas recovered by the cluster analysis and this matrix was used 
for the ancestral estimation. The Dispersal‐Vicariance Analysis (DIVA-like; Ronquist 1997), the 
Dispersal‐Extinction Cladogenesis (DEC, Ree 2005) and the BAYAREA-like approximation (Landis et 
al. 2013) models were implemented. The three models have two free parameters ("d" and "e") specifying  
the rate  of  “dispersal”  (range  expansion)  and  “extinction”  (range  contraction)  along the phylogeny 
branches, although with different assumptions at cladogenesis events (details in Matzke 2013). 
Additionally, all models were tested with the inclusion of other free parameters that account for founder-
event speciation ("j"), relative per event vicariance weight ("v") and the exponent on branch lengths  ("b", 
details in Matzke 2013). All models were compared using the Akaike Information Criterion (AIC) and the 
results of the best model are discussed. 
3.5. Climatic regimes 
 Climatic niche regimes, including unique and convergent shifts, were evaluated using the method 
proposed by Ingram & Mahler (2013) implemented in the R package surface. The analysis uses the 
Hansen model of stabilizing selection around multiple adaptive peaks (Butler & King 2004) to infer a 
macro evolutionary adaptive landscape using trait data and a phylogenetic tree. Extensive information 
about the method is given in Ingran & Mahler (2013). A PCA was conducted using the mean of the 
extracted climatic variables for each species and the first 3 components were used as the trait data for the 
surface analysis.  
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Figure 1. Summary of the steps involved in the range break analysis. See details in Methods (Biogeographical areas). 
ENM = environmental niche model.    
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3.6. Sympatric vs. allopatric speciation  
 An age-range correlation analysis was performed to evaluate the relative importance of sympatric 
versus non-sympatric speciation (Fitzpatrick & Turelli 2006). This method uses nested averages of the 
pairwise overlaps between species in each clade. A linear regression of range overlap versus relative node 
age is fitted and the statistical significance is assessed via Monte Carlo simulations (Fitzpatrick & Turelli 
2006). If a significant age-range correlation is present (slope), then more recently diverged pairs of clades 
are likely more informative about the geography of speciation. If the regression intercept is signiﬁcantly 
greater than 0.5 and the slope is negative, sympatric speciation is favored as the most frequent mode of 
speciation in the group. If the intercept is signiﬁcantly less than 0.5 and the slope is positive, then 
allopatric speciation is inferred as being more common within the clade (Fitzpatrick & Turelli 2006). This 
analysis was performed in R using the package phyloclim (Heibl & Calenge 2013).  
4. RESULTS  
4.1. Biogeographical areas  
 The species distributional ranges were used to break the distribution of Leandra s.str. in eastern 
Brazil into sub-areas. The diversity map of Leandra s.str. with the 21 sub-areas recovered in the process is 
presented in Fig. 2. Leandra s.str. diversity is concentrated in some specific regions of eastern Brazil, 
mostly in the mountains of south/southeastern coast, where Itatiaia, Serra dos Órgãos and Nova Friburgo 
stand out in number of sympatric species. The cluster recovered by the Ward method, using the distance 
matrix of Kulczynski coefficients, is presented in Fig. 3. A total of six areas were delimited taking into 
account the number of species supporting each area: Bahia, Espírito Santo, Cerrado, Mantiqueira, Rio de 
Janeiro and Southern. Overall, geographically close sub-areas clustered together, as well sub-areas in the 
same vegetation type. The first split in the cluster (Fig. 3) separated the Cerrado from the remaining areas, 
which are located in the Atlantic Forest (under its wider definition). The second split involves the 
southern Atlantic Forest (including Araucaria Forest and the interior semi-deciduous forests) and the 
remaining of the Atlantic Forest (narrow definition) north of Ribeira river. The remaining cluster 
includes, in the following order, Bahia, Mantiqueira/Paranapiacaba, Espírito Santo and Rio de Janeiro 
area splits. In addition to their differences in size, the areas recovered here also present different levels of 
endemism, with Rio de Janeiro showing the highest level. Interestingly, Bahia and Espírito Santo areas do 
not figure among the most diverse regions (Fig. 2), but show a great level of endemism. On the other 
hand, the mountains of southern Atlantic Forest show high diversity, but not many endemic species, while 
Rio de Janeiro and Mantiqueira areas present high levels of both diversity and endemism. 
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 Overall, there is an extensive match between the areas recovered for Leandra s.str. and 
topographical  features, while in the coastal areas the boundaries were delineated by major river valleys 
(Fig. 4). Most areas are contiguous with other areas, but Bahia and Espírito Santo are isolated. The 
Cerrado area is composed of the highlands of central Brazil, where Leandra s.str. endemics are found in 
Campos Rupestres vegetation. In our analysis the mountains of the southern area clustered with 
neighboring southern areas (Southern area), or with Paranapiacaba and Itatiaia mountains (Mantiqueira 
area), while the northern portion, extensively delineated by the Paraíba do Sul valley, was recovered as a 
single area (Rio de Janeiro area).    
 
Figure 2. Diversity map of eastern Brazilian Leandra s.str. based on the estimated distribution of 134 species in this 
group. Dotted lines are the range breaks found by our analysis which circumscribe the sub-areas used to infer the 
biogeographical areas of Leandra s.str (see Methods). Color coding follows the scale in the right (number of species).  
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Figure 3. Cluster analysis of the sub-areas recovered by the range breaking approach. Species of Leandra s.str. were 
coded as present or absent in the sub-areas, a distance matrix was calculated using the Kulczynski coefficient and the 
cluster was generated using the Ward method. Species were optimized in the dendrogram using parsimony (acctran), and 
all endemic species (consistency index = 1) are depicted over the cluster. The sub-areas in the map were numbered and 
colored following the cluster.   
 
 
Figure 4. Comparison of Leandra s.str. biogeographical areas (A) and topographical features of eastern Brazil (B, source 
IBGE 2014). Four rivers of interest are depicted as: a - Paraguay, b - Ribeira, c - Paraíba do Sul, d - Doce.  
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4.2. Historical reconstruction  
 We compared the fit of 13 models of geographical evolution given the distributional data and the 
phylogenetic hypothesis of Leandra s.str. The log-likelihoods, number of free parameters, AIC and 
parameter estimation for all models are presented in Table 1. The model with the best fit was the 
Dispersal-Extinction Cladogenesis with the exponent on branch lengths parameter estimated from the data 
(DEC + b). Overall, the addition of "j" and "v" (founder effect and vicariance weight, respectively) as free 
parameters did not improve significantly the model fit for Leandra s.str (Table 1), while the addition of 
the "b" as a free parameter significantly increased the fit. In the DEC + b model, parameters estimation 
were: range expansion = 0.145, range contraction = ca. 0 and the exponent on branch lengths = ca. 0 
(Table 1).    
 The ancestral area of Leandra s.str. was estimated to extend  across the Rio de Janeiro and 
Espírito Santo areas, with an initial vicariant event separating the Pleiochiton clade (in Rio de Janeiro 
area) from the remaining clades (in Espírito Santo area, Fig. 5). The Leandraria clade was recovered as 
originating in Espírito Santo, while posterior events involved widespread ancestors. The Oxymeris clade 
was recovered in Rio de Janeiro area with a dispersion event to the Mantiqueira area, where the group 
radiated with subsequent range expansions to Southern and Espírito Santo. Almost the entire history of 
Cerrado clade was recovered, with high confidence, in the Cerrado area, where the only exception is one 
vicariant event involving Bahia and Espírito Santo areas. Both Capixabae and Carassanae clades show a 
similar pattern, with widespread ancestors and some sub-clades more geographically restricted. Within 
the Capixabae clade, one sub-clade is nearly restricted to Espírito Santo area, while in Carassanae a 
second Cerrado radiation is observed, and two sub-clades are respectively centered in the Mantiqueira and 
Southern areas. Overall, the ancestral ranges estimation throughout the backbone of the tree were 
recovered with low probabilities, while the confidence is higher in some more derived clades or sub-
clades. In general, range expansions or switches among areas seem to be recurrent throughout the history 
of Leandra s.str., but no clear time congruence for these switches is observed. This is more evident in the 
two Cerrado invasions, which seem to have occurred during different time periods.  
  
 
 
Figure 5. (next page). Historical reconstruction of Leandra s.str. (DEC + b model). Pie chart colors and the colored matrix 
next to the tip labels follow the legend and the map. Major clades are labeled as: I - Pleiochiton; II - Leandraria; III - 
Oxymeris; IV - Cerrado; V - Capixabae; VI - Carassanae.  
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Table 1. Model fit comparison of the ancestral distributional range estimation of Leandra s.str. See methods for model 
and parameters details. LnL = log likelihood; AIC =  Akaike Information Criterion. In bold the best model.  
Model LnL N
o
 of parameters AIC Delta AIC d e b j v 
DIVA -513.38 2 1030.75 176.56 0.543 0.665 1 0 1 
DIVA+j -513.38 3 1032.75 178.56 0.542 0.664 1 0 1 
DIVA+v -513.38 3 1032.75 178.56 0.543 0.665 1 0 0.5 
DIVA+b -435.76 3 877.53 23.33 0.168 0 0 0 1 
BAYAREA -462.67 2 929.34 75.14 0.235 0.627 1 0 1 
BAYAREA+j -456.62 3 919.23 65.03 0.187 0.496 1 0.013 1 
BAYAREA+v -453.87 3 913.74 59.54 0.183 0.393 1 0 0.036 
BAYAREA+b -434.54 3 875.09 20.89 0.092 0.263 0.12 0 1 
DEC -494.66 2 993.33 139.13 0.393 0.435 1 0 1 
DEC+j -494.66 3 995.33 141.13 0.393 0.435 1 0 1 
DEC+v -484 3 973.99 119.79 0.357 0.406 1 0 0 
DEC+b -424.1 3 854.2 0 0.145 0 0 0 1 
DEC+b+v -423.12 4 854.25 0.05 0.139 0 0 0 0.465 
 
4.3. Climatic regimes 
 The climatic PCA summarized 99% of the variation in the first three components (PC1 = 69%, 
PC2 = 26%). The climatic variable contributions are given in Table 2, where the most important variables 
were those that reflect seasonality, both in temperature and precipitation. The climatic niche regimes 
estimated for Leandra s.str. are presented in Fig. 6A, along the biogeographic reconstruction and mean 
elevation per species (Fig. 6B). The background climatic regime is depicted in black, while convergent 
regimes are presented with the same color and the single non-convergent regime is in gray. Five shifts to 
regime I were observed, two shifts for regime III, three shifts for regime IV, and two shifts for regime V, 
while regime II is observed in a single species. Overall, there is a strong climatic conservatism among 
closely related species, where Oxymeris clade presents a single climatic regime, while in the other clades 
or sub-clades scattered shifts are observed. On the other hand, although climatic conservatism seems to be 
prevalent in the group, climatic stasis is not totally observed, given the moderate number of shifts/regimes 
observed.    
 The two first components of the climatic PCA are plotted and color-coded by regime in Fig. 6C. 
Regime I appears as a well delimited type whose species are all found in the Bahia area. The unique 
regime II seems to be a climatic outlier in Leandra s.str. It is only observed in L. heteroporata, which is 
the only species of the whole clade found in Tocantins state, being the northern most record of the group 
in the Cerrado region. Regimes III and IV are highly overlapping in the climatic space, with the species 
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under this regime found across several areas, while regime V is observed in species centered in the 
Cerrado area. The greatest contribution in the PC1 comes from Temperature Seasonality (Table 2), where 
a major separation is observed among the regimes III and IV and the others, with the former presenting 
higher values of seasonality (Fig. 6B). This is due to the greater number of species of regimes III and IV 
found towards southern areas and/or higher elevations, where a cold season is observed. In PC2 the 
annual mean precipitation presented the highest contribution, which mainly separates regime I (Fig. 6C), 
which presents lower values and is predominantly found in the Bahia area, from the others. Additionally, 
the background regime also presents lower values of precipitation than the others, while the highest 
values are found in regime IV.  
 The comparison between the climatic regimes with the biogeographic reconstruction of Leandra 
s.str. (Fig. 6A-B) reveals a striking match between the Cerrado invasions and the two shifts to regime V, 
as well as between the shifts to regime I and II and the dispersions to the Bahia area and Tocantins, as 
mentioned previously. The remaining shifts do not seem to be associated with changes in the geographical 
range distributions. Among those, we observe shifts from the background regime to regimes III and IV 
and one shift from regime III to IV (involving L. eichleri in the Carassanae clade). The elevation patterns 
observed in Fig. 6 and Fig 7A indicates that changes in elevation within the same area might be 
associated with those climatic shifts. This is apparent in the shifts inside the Rio de Janeiro centered 
Pleiochiton clade, where the most basal species under the background regime are found in lower 
elevations, while the more derived ones under regime IV present higher values (Fig. 6). A similar 
scenario is observed for the shifts in Oxymeris and L. eichleri.  
 
Table 2. Climatic PCA loadings of the three first components. Variables with loadings smaller than 0.1 were omitted. 
Highest values in bold. 
 
PC1 PC2 PC3 
Annual Precipitation 0.38 0.708 0.434 
Precipitation of Wettest Month 
 
0.148 -0.179 
Precipitation of Driest Month 
  
0.135 
Precipitation of Wettest Quarter 
 
0.423 -0.409 
Precipitation of Driest Quarter 0.117 
 
0.432 
Precipitation of Warmest Quarter 0.174 0.354 -0.315 
Precipitation of Coldest Quarter 0.111 
 
0.47 
Temperature Seasonality 0.888 -0.393 -0.203 
Mininum Temperature of Coldest Month 
  
0.104 
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Figure 6. A. Climatic regimes analysis, branches colored following the legend in the left. B. Historical reconstruction of 
Leandra s.str., pie chart colors follow the map colors. C. Climatic space of Leandra s.str., first two axis included in the 
regime analysis are plotted in the x and y, respectively, colors follow the legend in the left. D. Biogeographical areas of 
Leandra s.str. Circles between the trees represent the mean elevation of the species, following the legend in the right, in  
meters above sea level.    
Biogeography of Leandra s.str.     114 
 
 
 
 
Figure 7. Box plot of elevation (A), temperature seasonality and annual mean precipitation across the different climatic 
regimes observed in Leandra s.str. The color scheme follows Fig. 6A. B = background regime.  
4.4. Sympatric and allopatric speciation  
 The distributional range pairwise overlaps of 117 species of Leandra s.str. were estimated and the 
age-correlation results are presented in Table 2 and Fig. 8. The Leandra s.str. and Capixabae clades 
present values that indicate the null hypothesis of no phylogenetic signal in the degree of overlap between 
species within clades could be rejected, while the Cerrado clade also showed a high value, although not 
significant (Table 2). Regarding the intercept, Leandra s.str, Capixabae and Carassanae clades presented 
significant values (Table 2). The results suggest that sympatric speciation is significantly favored as a 
general pattern for Leandra s.str. and Capixabae clades (overlap decreases with decreasing depth in the 
tree, Fig. 8A and F). Although only these two clades presented significant values, the same trend is 
observed in most of the clades analyzed, while in Oxymeris is less pronounced and Leandraria shows a 
different pattern (Fig. 8C). For the latter, the results do not show support for any predominant mode of 
speciation (positive slope with intercept = 0.5).  
Table 3. Linear regression analyses of percent overlap vs. estimated node age. Parameters under ‘‘Randomization Tests’’ 
were ﬁtted by least squares with statistical signiﬁcance determined by Monte Carlo resampling. For each group there are 
two entries; the top one is the analysis of average overlap, the bottom is of maxima. O-all is the fraction of all pairwise 
comparisons with zero overlap; O-nodes is the fraction of nodes across which there are no overlapping species; F is the 
fraction of 999 Monte Carlo replicates with greater slopes or intercepts than the observed value. Significant values in 
bold. 
 
n O-all O-nodes Intercept F p-value Slope F p-value 
Leandra s.str. 117 0.38 0.04 0.62 0 0 -72.84 1 0 
Pleiochiton 13 0.23 0.08 0.66 0.21 0.43 -63.52 0.81 0.37 
Leandraria 17 0.37 0.06 0.5 0.48 0.96 20.51 0.45 0.9 
Oxymeris 24 0.21 0.04 0.57 0.05 0.11 -46.64 0.81 0.38 
Cerrado 10 0.49 0.22 0.75 0.04 0.07 -118.08 0.94 0.11 
Capixabae 11 0.36 0 0.67 0.02 0.03 -238.15 0.99 0.02 
Carassanae 42 0.17 0 0.65 0.01 0.01 -67.83 0.82 0.35 
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Figure 8. Age-range correlations of Leandra s.str. and major clades, in the x relative age and in the y range overlap. A. 
Leandra s.str. B. Pleiochiton. C. Leandraria. D. Cerrado. E. Oxymeris. F. Capixabae. G. Carassanae. Correlation was 
significant for Leandra s.str. (A) and the Capixabae clade (F).  
 
5. DISCUSSION 
 The extensive match of the biogeographic areas recovered for Leandra s.str. with topographical 
features and vegetation type (Fig. 4), two features commonly used to delineate such areas (Ronquist & 
Sanmartin 2011), suggests that our approach might be an effective alternative for cases where boundaries 
are not clear and arbitrary decisions become necessary. In eastern Brazil, although the vegetation types 
are distinct, it can be difficult to place sharp boundaries between areas due to transitional gradients 
observed between types (Oliveira-Filho & Fontes 2000). On the other hand, using the distribution of the 
group under analysis might alleviate such problems, making the models more realistic, since this 
approach can capture potential nuances in the distribution of the group under analysis.    
 The major goal of our area analysis was to discretize the distribution of Leandra s.str. into smaller 
subunits that could be used for model-based reconstruction of historical biogeography. However, 
interpreting the recovered areas as centers of diversity or endemism is an obvious outcome of this newly 
proposed method. Several centers of endemism have been proposed for the Atlantic Forest region (Fiaschi 
& Pirani 2009 and references therein). Some studies suggested a northern/southern separation in just two 
blocks (Cracraft 1985), while others suggested many smaller areas (Pinto-da-Rocha et al. 2005). The 
latter study also found the Ribeira and Paraíba do Sul valleys delineating some areas in the Atlantic Forest 
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for harvestmen groups (Pinto-da-Rocha 2005). One major agreement across these studies is that there is a 
historical separation between the northern and southern parts of the Atlantic Forest (narrow definition) 
along the Doce river valley in the northern Espírito Santo (Fiaschi & Pirani 2009). This separation  was 
long assumed given the strong ﬂoristic differentiation between the northern and southern Atlantic forests 
based on plant taxa restricted to either side of the river (Fiaschi & Pirani 2009). Interestingly, this 
scenario is not observed in the cluster analysis of Leandra s.str. areas, where the major split in the 
Atlantic Forest separates the Southern area from the others. This might be partly due to relatively low 
diversity of Leandra s.str. in the region north of the Doce river valley, a pattern also seen for harvestmen 
(Pinto-da-Rocha 2005). Additionally, some species found in the Bahia area are also observed in the 
Espírito Santo and Rio de Janeiro areas, but absent from the remaining areas. The Leandra s.str. 
biogeographic model does corroborate the historical differentiation between the southern/northern areas 
of Doce river, given that most of the events shaping the major splits of Leandra s.str. occurred south of 
the Doce river and in the neighboring Cerrado. In Leandra s.str., this northern/southern Doce river 
differentiation seems to be influenced by the climatic conservatism in the group, where few lineages were 
able to cope with the different climatic regime observed in the northern region.  
 The Cerrado area as delineated in our analysis is composed of the highlands of central Brazil, 
where Leandra s.str. endemics are found in Campos Rupestres vegetation. This seems to be a general 
pattern for plants that occur in this region (Fiaschi & Pirani 2009). The presence of related lineages in 
Cerrado and Atlantic Forest has been previously noticed (i.e., Oliveira-Filho & Ratter 1995). It has been 
suggested that many endemic plant lineages in Cerrado have a recent origin and diversification (Simon et 
al. 2009). Phylogenies of other plant groups including Mimosa, Andira, Styrax, Viguiera, Ruellia, and 
Manihot show evidence of multiple and recently derived invasions of Cerrado by lineages of forest taxa 
(Simon et al. 2009 and references therein). Although spanning from Miocene to Pleistocene, the majority 
of the events seems to have occurred less than 4 Mya, broadly coinciding with the putative expansion of 
C4 grass-dominated savanna biomes (Simon et al. 2009). The authors have hypothesized that such 
incursions were driven by a common trigger of fire adaptation and facilitated by ease of fire adaptation 
across plant groups from the diverse biomes immediately surrounding the Cerrado (Simon et al. 2009). 
The Leandra s.str. invasions of the Cerrado seem to fit the multiple and recent scenario observed in the 
other groups, but fire adaptations have not been reported for this group. In Leandra s.str., it seems that a 
shift in climatic tolerances is associated with the Cerrado invasions. 
 Phylogenetic studies are revealing that major ecological niches are more conserved through 
evolutionary history than expected, which has important consequences for the assembly of both local 
communities and the regional species pools from which these are drawn (Donoghue 2008). If corridors 
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for movement are available, newly emerging environments will tend to be occupied by species that ﬁlter 
in from areas in which the relevant adaptations have already evolved (Donoghue 2008). To a certain 
extent, the different levels of diversity and endemism across eastern Brazil areas for Leandra s.str. seem 
to fit this scenario. For instance, the Southern area shows a high diversity that seems to be derived from 
the connected Mantiqueira and Rio de Janeiro source areas. On the other hand, the more isolated and 
climatically differentiated Bahia area presents lower diversity, which also is observed in the less diverse 
areas towards the interior.  
 Although some coastal river valleys are geographical barriers for many species in Leandra s.str., 
the origin of these rivers might predate the history of the group (Petri & Fulfaro 1988). However, some 
historical events in Leandra s.str. may have been influenced by mountain uplift. Uplift of the Serra do 
Mar could date as early as the Late Cretaceous, with large-scale uplift periods in the Latest Eocene or 
Oligocene, and further noteworthy periods of uplift in the Pliocene and the Quaternary (Safford 1999 and 
references therein). The Itatiaia mountains (Mantiqueira area) seem to have much of their origin during 
the Quaternary (Clapperton 1993, Safford 1999). Although higher elevation taxa are found in the Cerrado, 
Carassanae and Pleiochiton clades, they are remarkably common in the Oxymeris clade, where many 
species are exclusively found in the very top of Serra do Mar and Mantiqueira mountains, in the Campos 
de Altitude (the "Brazilian Paramos", Safford 1999). The Oxymeris clade is recovered as originated in 
Rio de Janeiro area with a dispersion to Mantiqueira, accompanied by a radiation and climatic shift, 
during the Pliocene-Pleistocene, very likely influenced by these uplifts. The Campos de Altitude have a 
significant floristic component with a temperate origin as well as the expected tropical contingent 
(Safford 2007). It has been suggested that the tropical component of the Campos de Altitude flora is 
primarily derived from the drier, highland environments of the Brazilian interior (Safford 2007). A 
scenario that is clearly not observed in Leandra s.str., where the Campos de Altitude component is 
derived from lower elevation coastal forest taxa, both in Oxymeris clade and Carassanae (involving L. 
eichleri, L. humilis and L. itatiaiae).  
 The best biogeographic model for Leandra s.str. data set estimated the "b" parameter to nearly 0, 
which makes the model assume equal branch lengths between speciation events. This suggests a 
speciational model for Leandra s.str. where changes occur at the time of speciation in both daughter 
species and the resulting distributions do not change over periods of time (stasis), until the next 
cladogenic event. In the speciational model change is proportional to the number of speciation events that 
have occurred, and in opposition to a phyletic gradualism model where time is an appropriate predictor of 
the amount of change that has occurred (Cubo 2003 and references therein). The relatively high amount 
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of uncertainty in Leandra s.str. reconstruction is probably due to the high number of widespread species 
in the analysis; in such a scenario current models might not perform well (N. Matzke pers.comm.).  
 Historically, geographic isolation has been considered a prerequisite for reproductive isolation 
(Mayr 1959). Nonetheless, some studies indicate that plants might exhibit strikingly different age-range 
correlation patterns from those found for animals (Anacker & Strauss 2014). While the latter broadly 
support allopatric speciation as the primary mode of speciation, sister pairs were shown to be sympatric in 
80% of cases in the California Floristic Province (Anacker & Strauss 2014). The age-range correlation 
analysis in Leandra s.str. also favored sympatry as a general speciation mode, which was also observed 
within the Capixabae sub-clade. The remaining sub-clades did now show significant values, although, a 
tendency to sympatry was observed in Carassanae, Cerrado, Oxymeris and Pleiochiton, and in Leandraria 
no clear pattern emerged. Age-range correlation analyses can be expected to give deﬁnitive results only 
when speciation within a group has been primarily sympatric or allopatric, and when range changes have 
not erased the evidence, while inconclusive analyses can be expected when diversification involves a 
mixture of sympatric and non-sympatric speciation, or when range changes have obscured the geography 
of speciation (Fitzpatrick & Turelli 2006).  
 Patterns of endemism and diversity in the south/southeast Brazilian mountains point to 
climatically driven allopatry as a principal mechanism for speciation (Safford 1999). This was the 
expectation for the higher elevation groups of Leandra s.str., including Oxymeris and some groups in 
Carassanae, Cerrado and Pleiochiton. Nonetheless, the only clade that did not show tendency for 
sympatry was the one that occurs at lower elevations (Leandraria). Further investigation is need to 
determine whether these patterns hold or observed sympatry is due to secondary range expansion after 
allopatric speciation. Presently, Leandra s.str. seems to be in its contracted distribution, with disjunct 
species/populations potentially connected in the recent past during range expansions in the Pleistocene 
(Chapter 4). Post-speciation range expansions when the presently observed geographic barriers were less 
stringent (Chapter 4), would favor a secondary contact scenario. Phylogenetic uncertainty, species 
circumscriptions and range distribution estimation are relatively weak in certain groups and their 
improvement could help reveal new insights.  
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 Chapter 6  
Taxonomic revision of Leandra sect. Leandra 
(Melastomataceae, Miconieae)   
 
1. ABSTRACT   
 A taxonomic monograph of a re-circumscribed Leandra sect. Leandra is presented. The new 
circumscription is based on a previous phylogenetic hypothesis, and diagnostic morphological characters 
are discussed. Four new combinations to Leandra are proposed, eight species are treated as synonyms for 
the first time, and 12 lectotypes are designated. A review of the 17 recognized species, including 
descriptions, synonymy, illustrations and distribution maps, is provided. Species with a history of 
taxonomic problems and/or with distinctive morphotypes are further investigated with morphometrics 
tools. 
2. INTRODUCTION   
 The genus Leandra was described in 1820 by Giuseppe Raddi based on his own collections from 
Rio de Janeiro. The name was proposed to honor Friar Leandro do Sacramento (1778–1829), director of 
Rio de Janeiro's Botanical Garden and a botanist he met in Brazil (Sermolli & Bizzarri 2013). The genus 
remained small (15 spp., Triana 1871) for more than 50 years until it was greatly expanded by Cogniaux 
(1888, 1891, but see also Raddi 1829), by synonymizing Oxymeris DC. under Leandra and describing 
several new taxa, rendering a total of 201 recognized species in Leandra. Cogniaux (1888, 1891) also 
proposed the circumscription of the genus that is currently under use (i.e., members of the tribe Miconieae 
DC. with terminal inflorescences and acute petals). Nonetheless, the two previous monographers of the 
family, Naudin (1852) and Triana (1871), also significantly contributed to the classification of the group. 
For instance, both for Naudin (1852) and Triana (1871) the genus Leandra corresponded to Cogniaux’s 
concept of section Leandraria. Naudin (1852) treated most species now in Leandra under Clidemia sect. 
Oxymeris, while he recognized at the generic level Tschudya DC. and Clidemiastrum Naudin (Leandra 
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sect. Tschudya and sect. Secundiflorae pro parte sensu Cogniaux). Triana (1871) had an even more 
decisive role in the subgeneric classification of Leandra. He re-established Oxymeris at the generic level 
and placed Tschudya and Clidemiastrum under it. He also built the base for Cogniaux’s sectional 
classification proposing the informal sub-divisions for Oxymeris: Niangae, Carassanae, Euoxymeris, 
Chaetodon, Unilaterales and Tschudya. Those correspond to the sections later proposed by Cogniaux 
(1888), along the type section treated by him as Leandra sect. Leandraria. The code of botanical 
nomenclature (ICBN, McNeill et al. 2012) requires the use of the genus name for the type section. Thus, 
Leandra sect. Leandra, instead of section Leandraria is adopted here. The single prior revision of 
Leandra sect. Leandra (as Leandra sect. Leandraria) was also published by Cogniaux (1891), where he 
recognized 18 spp. Since then some new species were described and a few synonyms proposed. Table 1 
provides a summary of the taxonomic history of Leandra sect. Leandra, which includes the taxa from the 
broader circumscription proposed here.   
Table 1. Taxonomic history of Leandra sect. Leandra. Species names (basionym) in bold indicate when the species was 
described, while in regular print when it was first treated as a synonym.   
Reference Species described or treated as a synonym 
Raddi (1820) Leandra melastomoides, L. hirta 
Candolle (1828) 
Leandra amplexicaulis, L. angustifolia, L. dubia, L. involucrata, L. scabra, L. 
sericea, L. sylvestris,  L. umbellata, L. villosa 
Raddi (1829) Leandra corcovadensis 
Vellozo (1829) Melastoma hirsuta, M. holosericea 
Chamisso (1835-1836) Leandra asperifolia 
Naudin (1852) Clidemia capilliflora 
Triana (1871) Leandra asperifolia, L. villosa 
Cogniaux (1888) 
Leandra bergiana, L. fragilis, L. glazioviana, L. longistyla, L. pectinata;        
L. corcovadensis, Melastoma hirsuta, M. holosericea, 
Cogniaux (1891) Leandra aspera, L. attenuata, L. therezopoliatana, L. ulaei 
Brade (1945) Leandra santos-limae 
Wurdack (1970) Leandra pubistyla; L. scabra 
Souza (2002) Ossaea cogniauxii, O. consimilis 
Souza & Baumgratz (2004) Leandra pubistyla 
Souza & Baumgratz (2005) Leandra lapae 
Goldenberg & Reginato (2009) Ossaea loligomorpha 
Camargo & Goldenberg (2011) Leandra triantha  
This work 
Leandra attenuata, L. bergiana, L. dubia, L. fragilis, L. involucrata, L. 
longistyla, L. pectinata, L. sylvestris 
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 The two morphological characters used to circumscribe the genus have been shown by molecular 
phylogenies to be homoplastic, rendering Leandra polyphyletic as currently circumscribed (Michelangeli 
et al. 2004, Martin et al. 2008). Nonetheless, most species of Leandra, including the generotype (L. 
melastomoides Raddi), are resolved in a single clade mostly endemic to eastern Brazil (the Leandra s.str. 
clade, Goldenberg et al. 2008, Chapter 1 of this thesis). It is now clear that major taxonomic realignments, 
such as changes in the circumscriptions of the sections and/or genera in Miconieae are necessary. 
Goldenberg et al. (2008) stated that the traditionally recognized genera within Miconieae, which have 
been diagnosed largely on the basis of a few broadly distributed characters, will be replaced by 
circumscriptions based on geographically cohesive clades recovered in phylogenetic analyses. Although 
great efforts have been directed to improve sampling in recent phylogenetic analyses of the Miconieae 
(Martin et al. 2008, Goldenberg et al. 2008, Michelangeli et al. in prep.), a highly resolved phylogeny for 
the entire group is still not available. Nonetheless, these broad phylogenies are of great value for setting 
up the path to more densely sampled studies of particular clades, which are necessary before reliable 
revisions and re- circumscriptions can be made (Chapter 1).   
 A taxonomic monograph of a re-circumscribed Leandra sect. Leandra is presented as a first step 
to revising the entire genus. The phylogenetic hypothesis for this section is based on the molecular work 
presented in Chapter 1. Diagnostic morphological characters are discussed and a review of the species, 
including descriptions, synonymy, illustrations and distribution maps, is provided.   
3. MATERIAL AND METHODS  
3.1. Phylogeny and Morphological Diagnosis  
 Potentially informative morphological characters to diagnose Leandra sect. Leandra (including 
the two characters used by Cogniaux 1888) were coded for all species included in the phylogeny of 
Leandra s.str. (Chapter 1), from which suitable material was available. The characters were coded as 
follows: inflorescences with flower glomerules (absent - 0, present - 1); inflorescences with involucral 
bracts (absent - 0; present - 1); ovary locule number (2, 3, 4, 5); petal number (4, 5, 6); seeds with sharp 
angles (absent - 0; present - 1); seed testa cells (flat - 0, convex - 1, tuberculate - 2); style (erect or bent 
and surrounded by the stamens - 0; opposite to the stamens - 1); hypanthium torus fringe (absent - 0; 
present - 1). The coded matrix for the taxa analyzed is presented in Appendix 1.   
 The characters were mapped on the phylogeny of Leandra s.str. (Chapter 1) using stochastic 
character mapping (Huelsenbeck et al. 2003). Three models of morphological character evolution ("ER" - 
Equal Rates, "SYM" - Symmetric, "ARD" - All Rates Different) were first evaluated using the fitDiscrete 
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function of the R package Geiger (Harmon et al. 2008). The best model under the AIC criterion was thus 
used for the stochastic mapping calculation. This was implemented in the R package phytools (Revell 
2012), where for each character, 200 stochastic maps were generated and summarized using the functions 
make.simmap and describe.simmap (Revell 2012). Taxa with missing or polymorphic data were treated as 
having the same probability for each possible state. For example, for a binary character, either a taxon 
with missing data or polymorphic state, would be treated as having 50% of probability of presenting state 
"0" or "1". The results were plotted over the phylogeny using basic functions of the R package ape 
(Paradis et al. 2004). Detailed information about sampling, molecular markers and tree inference strategy 
regarding the phylogeny used here are found in the Chapter 1.  
 To further explore the utility of these morphological characters to diagnose Leandra sect. 
Leandra, the frequencies were tabulated for each character state and all possible combinations of 
character states observed inside sect. Leandra and outside (i.e. in the remaining species included in the 
Leandra s.str. phylogeny). The frequency that a character state or combination of states occurs inside sect. 
Leandra was then multiplied by the frequency that it is not found outside, rendering a probability to 
diagnose sect. Leandra given that state or combination of states. This approach shares some similarities to 
what was proposed by Turjak & Trontelj (2012), but is simpler in the sense that it does not take into 
account the hierarchy inside the clades (treating them as groups, here defined as sect. Leandra and the 
remaining species) and the concern here is to discuss practical diagnosability by morphological 
characters. The function for the R program to perform this task is available upon request from the author. 
3.2. Anatomy  
  Leaves and flowers previously ﬁxed in 70% ethanol were dehydrated through an alcohol-toluene 
series in a Leica TP-1020 automatic tissue processor, and embedded in Paraplast X-tra (Fisher Healthcare, 
Houston, Texas, USA). The samples were sectioned at 7-10 µm with an AO Spencer 820 rotary 
microtome (GMI Inc., Minnesota, USA). Sections were stained with Johansen’s safranin (Johansen 1940) 
and 0.5% Astra Blue in 2% tartaric acid w/v in distilled water (Maácz & Vágás 1961, Kraus et al. 1998) 
and mounted in Permount (Fisher Scientiﬁc, Pittsburgh, Pennsylvania, USA). Sections were examined 
and photographed with a Zeiss Axioplan compound microscope equipped with a Nikon DXM1200C 
digital camera.   
 Seeds and leaves for the SEM images were obtained from herbarium specimens and manually 
cleaned. The structures were mounted on aluminum stubs, coated with gold-palladium for 2 min in a 
Hummer 6.2 (Aratech LTD), and examined using a JEOL – JSM 5410LV SEM, with the software JEOL 
ORION 5410, version 1.72.01 (1999–2004).   
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3.3. Taxonomy 
 The taxonomic review was based on 1351 specimens from the following herbaria: CAS, CEPEC, 
FI, GH, M, MBM, NY, PI, R, RB, SP, SPF, SPSF, UPCB. Additionally, high definition images from BR, 
G, K, MO, P and S were also examined, either through the plants.jstor.org portal or through the individual 
herbaria websites (herbaria acronyms follow Thiers 2014). Descriptions followed the usual terminology 
used for Leandra (Wurdack 1962, Reginato et al. 2013). The number of secondary acrodromous nerves is 
followed by an additional pair when the leaves have a faint submarginal vein that is thinner than the 
others (i.e. “3+2” or “5+2”). For species having few specimens, a complete list is given, but only one 
specimen per municipality is listed for species with many specimens available. A complete list of all 
examined specimens is given in Appendix 2 (collector list). Lectotypes were designated for species with 
syntypes. Lectotype selections were based on the following: one of the syntypes annotated by the author 
and housed in the herbarium where the author worked; when more than one syntype fulfilled the latter 
criteria, the one bearing an illustration and/or description was chosen.     
 The morphology-based taxonomic species concept, where a species is defined as "an assemblage 
of morphologically similar individuals that differs from other such assemblages" was adopted here (Grant 
1981). This working system is highly subjective, since the amount of difference that “is worthy of species 
rank cannot be prescribed objectively” (Grant 1981), and different taxonomists may have different criteria 
and emphasize different characters (Grant 1981). Nonetheless, it might be the best option to deal with a 
poorly known group of plants where morphological data is the only source of information available at the 
populational level.    
 Species with a history of taxonomic problems and/or with distinctive morphotypes (L. 
angustifolia, L. hirta and L. melastomoides) were further investigated using morphometrics tools (see 
below). The morphological diversity of some traits was explored using box plots, Principal Component 
Analysis (PCA) and/or the geographical distribution of the different morphotypes mapped. The analyses 
were performed in R v.3.0.2 (R Core Team 2014).   
4. RESULTS AND DISCUSSION  
4.1. Phylogeny and Morphological Diagnosis  
 Leandra sect. Leandra was circumscribed by the presence of inflorescences with glomerules and 
involucral bracts (Cogniaux 1888, 1891). The strict use of these two characters would result in the 
inclusion of two unrelated species in this group, namely L. paulina DC. (treated in Leandra sect. Leandra 
by de Candolle 1828, Naudin 1852, Triana 1871, Cogniaux 1888, 1891 and Camargo & Goldenberg 
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2007, albeit as L. eichleri Cogn. in the later study) and L. purpureo-villosa Hoehne (1922), and the 
exclusion of L. aspera (placed in sect. Carassanae by Cogniaux 1891). Our character mapping results 
indicated that the presence of glomerules and involucral bracts in L. paulina and L. purpureo-villosa is 
due to convergence. Additional species outside Leandra sect. Leandra with glomerules and involucral 
bracts are L. erostrata, L. heteroporata, Ossaea congestiflora, O. warmingiana, and some species in 
Pleiochiton. The results also show that all the mapped characters present some degree of homoplasy 
across Leandra s.str. (Fig. 1, Table 2). Nonetheless, the use of some characters or character combinations 
can provide some degree of confidence to diagnose Leandra sect. Leandra. Table 2 shows the two 
character combinations that seems to diagnose sect. Leandra with the highest confidence, along with 
single character frequencies. Interestingly, the presence of a torus fringe seems to be a plastic character 
across Leandra s.str. (Fig. 1), but when combined with seed characters becomes informative to diagnose 
Leandra sect. Leandra. Although not observed in all species of Leandra sect. Leandra, the opposite style, 
6-merous flowers and ovaries with 4 locules occur with very low frequency outside the group and present 
good diagnosability information for Leandra sect. Leandra.   
 The need for major taxonomic re-alignments in light of molecular phylogenies is not restricted to 
Leandra s.str. or the Miconieae, as it has been found in many difficult Neotropical groups (see Lu-Irving 
& Olmstead 2013 and references therein). Discussing the systematics of tribe Lantanae (Verbenaceae), 
Lu-Irving & Omlstead (2013) argue that new circumscriptions will not be easy to deﬁne morphologically, 
and will probably involve combinations of traits, rather than one or a few diagnostic characters, since it 
seems there are no morphological characters that have not undergone multiple, parallel shifts among the 
major clades in that group. This is also valid for Leandra s.str. and will certainly apply for the great 
majority of taxonomic ranks in the Miconieae.   
Table 2. Frequency of each character state and/or character state combinations observed inside Leandra sect. Leandra 
and outside ("Others"; i.e. in the remaining species included in the Leandra s.str. phylogeny). The frequency that a 
character state or states combination occurs inside sect. Leandra was then multiplied by the frequency it is not found 
outside (Probability).  Character states: 0 - absent; 1 - present.  
Character / Character combination Leandra sect. Leandra Others Probability (%) 
Seed angles (1), Seed cells (flat), Torus fringe (0) 0.83 0.02 82 
Involucral bracts (1), Seed cells (flat) 0.83 0.06 78 
Seed angles (1) 0.83 0.06 78 
Style (opposite) 0.75 0.02 74 
Involucral bracts (1) 0.83 0.12 73 
Ovary locules (4) 0.58 0.06 55 
Petals (6) 0.50 0.00 50 
Seed cells (flat) 0.92 0.57 39 
Torus fringe (0) 1.00 0.62 38 
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Figure 1. Stochastic maps of torus fringe (A), style position (B) and seed angles (C) in Leandra s.str. Major clades are 
labeled as: I - Pleiochiton; II - Leandra sect. Leandra; III - Oxymeris; IV - Cerrado; V - Capixabae; VI - Carassanae.  
Colored squares besides the tree indicate the state in the tip following the legend. Unknown or polymorphic states are in 
white.  
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4.2. Morphology 
4.2.1. INDUMENTUM 
 Within Leandra sect. Leandra two main types of trichomes are observed, unbranched eglandular 
trichomes  ("elongated smooth hairs" following Wurdack 1986; Figs. 2-A, C–G, I–J, L–M, O, Figs. 3-A–
J, L–N), and unbranched glandular trichomes ("long-stalked glands with thin walled heads" following 
Wurdack 1986; Fig. 3-O). The former usually are found throughout the plant, while the latter are usually 
observed on the hypanthia and inflorescences, but may also occur on stems, petioles and leaves. 
Unbranched eglandular trichomes may be bulla-based, and in the unbranched glandular trichomes the 
gland might be caducous. The presence/absence of glandular trichomes is plastic in some species (L. 
amplexicaulis, L. capilliflora, L. hirta and L. melastomoides). All species also have small (0.2–0.4 mm 
long) glandular trichomes ("short-stalked glands with thin-walled elongate heads" following Wurdack 
1986; Figs. 2-B, H, K, N, Fig. 3-K), those are found throughout the plant, but are more conspicuous on 
the abaxial leaf surface. In the descriptions presented here, structures bearing only these small structures 
were described as glabrous (since they are barely conspicuous under the stereoscope). Furrowed glands 
are found just in L. capilliflora, while branched trichomes (dendritic or stellate) are absent from all 
species.   
4.2.2. LEAVES 
 All species have opposite leaves that are isophyllous or slightly anisophyllous. The leaves are 
usually chartaceous, but can be membranaceous in L. capilliflora and L. hirta; coriaceous leaves are not 
found in any species. Polished glabrous leaves are found in L. capilliflora, and the indumentum in the 
remaining species ranges from sericeous to scabrose, and is usually denser on the abaxial surface. 
Conspicuously rough (asperous) leaves are found in L. amplexicaulis, L. aspera, L. glazioviana, L. 
melastomoides and L. santos-limae, which is a feature not observed in any other group of Leandra s.str. 
The number of veins is usually consistent within a species, with variation involving whether the external 
most pair is more or less conspicuous. Most species have conspicuous plinerved leaves, where the 
divergent distance of the secondary veins is usually variable within and across species. Nonetheless, L. 
aspera, L. capilliflora, L. capitata and some specimens of L. angustifolia, L. melastomoides ("seminervia" 
morphotype) and L. triantha present clearly basally nerved leaves.  
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Figure 2. Indumentum of sect. Leandra. A-C. L. amplexicaulis (A-B leaf abaxial side, C hypanthium). D-E. L. angustifolia 
(D leaf adaxial side, E leaf abaxial side). F. L. cogniauxii (leaf abaxial side). G-I. L. melastomoides (G-H leaf abaxial side, I 
hypanthium). J-L. L. hirta (J-L leaf abaxial side, L leaf adaxial side). M-O. L. loligomorpha (M hypanthium, N-O leaf 
abaxial side).  
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Figure 3. Indumentum of sect. Leandra. A-C. L. santos-limae (A leaf abaxial side, B leaf adaxial side, C hypanthium). D-F. 
L. sericea (D leaf abaxial side, B leaf adaxial side, C hypanthium). G-I. L. therezopolitana (G leaf abaxial side, H leaf 
adaxial side, I hypanthium). J-L. L. triantha (J-K leaf abaxial side, L hypanthium). M-O. L. umbellata (M leaf abaxial 
side, N leaf adaxial side, O hypanthium).  
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4.2.3. INFLORESCENCES 
 Inflorescences of Leandra section Leandra are short pedunculate or sessile axillary inflorescences 
(L. angustifolia, L. capitata, L. cogniauxii and L. loligomorpha), long pedunculate axillary inflorescences 
(L. capilliflora) or terminal inflorescences (the remaining species). In most species, the flowers are 
clustered in glomerules, except in L. capilliflora, which present lax triads. Thyrses with up to five 
opposite paraclades are found in the species with terminal inflorescences, except in L. triantha, which has 
a single terminal glomerule of 1–3 flowers. The bracts and bracteoles usually are very conspicuous, 
covering the flowers in an involucral fashion, except in L. aspera, L. capilliflora and L. loligomorpha. In 
most species the bracts and bracteoles are persistent in fruit, except in L. aspera, L. hirta, L. santos-limae 
and L. therezopolitana. There are several records of color change through the development of the flower 
and fruit for bracts and bracteoles (L. amplexicaulis, L. glazioviana, L. melastomoides, L. sericea, L. 
umbellata). They are pale green on buds and flowers and then turn to red when fruiting (Fig. 4). The 
contrast between the red bracts with the dark-purple or black fruits might help attract seed dispersers 
(birds), but this feature remains unstudied.      
 
 
Figure 4. Inflorescences detail of L. umbellata showing the pale green bracts when flowering (A) and the red bracts when 
fruiting (B).  
 
4.2.4. CALYX 
 The calyx is always bilobed, with both the external teeth and lobes varying in size across species. 
Conspicuous internal lobes, equaling or exceeding the external teeth in size with a ciliate margin, are 
Taxonomic revision of Leandra sect. Leandra     133 
 
 
 
seldom found in Leandra s.str. However, this feature seems to be variable within some species (especially 
in L. melastomoides), while L. capilliflora and L. loligomorpha present small lobes with an entire margin.    
4.2.5. PETALS 
 All species have white petals with no color change with aging reported. In most species the petals 
are linear, but some species have slightly ovate to lanceolate petals, and oblong petals are found in L. 
capilliflora. The petal apex varies from acute to acuminate in most species, and a rounded apex is found 
in L. capilliflora. The merosity is variable among and within species; however, most species are 
predominantly 5-merous (L. aspera, L. cogniauxii, L. hirta, L. loligomorpha, L. santos-limae, L. triantha 
and L. ulaei) or 6-merous (remaining species), while L. capilliflora is 4-merous. It is very likely that sect. 
Leandra is the group with the greatest merosity plasticity inside Leandra s.str. Predominantly 6-merous 
flowers are not found in any other group of Leandra s.str.  
4.2.6. STAMENS 
 All species have white filaments, while the anthers might be pink (L. aspera, L. capitata, L. 
glazioviana, L. lapae, L. melastomoides, L. sericea, L. therezopolitana, L. ulaei and L. umbellata) or 
white (remaining species). All species present some degree of sub-isomorphy in the stamens. They are 
slightly unequal in size, curvature of the anthers, length of the connective projection below the thecae 
and/or appendix morphology. However, the stamens do not seem to form two clear distinctive groups 
regarding their position (antepetalous vs. antesepalous), in contrast to what is observed in many groups of 
Melastomataceae. 
4.2.7. STYLE 
 All species have white styles with punctiform stigmas. The style might be straight and remain 
surrounded by the stamens (L. capilliflora, L. cogniauxii and L. loligomorpha) or, more commonly, be 
sigmoid towards the apex and positioned opposite to the stamens (remaining species). Among Leandra 
s.str., the latter feature outside of sect. Leandra is only found in Miconia labiakiana R.Goldenb. & 
Martin. The opposite style makes the flowers approach a bilateral symmetry, which in some cases seems 
to be reinforced by the hexamery. Bilateral flowers are not common in Miconieae, and not found in the 
other Leandra s.str. species. Flowers of sect. Leandra species are illustrated in Fig. 5.    
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Figure 5. Flowers of sect. Leandra. A. L. amplexicaulis. B. L. capilliflora. C. L. cogniauxii. D. L. glazioviana. E. L. hirta. F-
G. L. melastomoides. H. L. santos-limae. I. L. sericea. J. L. ulaei. K-L. L. umbellata.   
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4.2.8. SEEDS 
 Seeds in Leandra sect. Leandra are very homogeneous in shape, ranging from 0.6–1.3 × 0.3–0.8 
mm. Most species have long-pyramidal seeds (wider in L. cogniauxii) with conspicuous sharp edges 
(absent in L. capilliflora and L. sericea). In all species the periclinal cell walls are "jig-saw" type and in 
most the anticlinal walls are flat (except in L. capilliflora and L. loligomorpha where are convex). In the 
remaining species of Leandra s.str., L. hatschbachii Brade and L. planifilamentosa Brade have very 
similar seeds to the main type found in sect. Leandra (Reginato in prep.). Seeds of Leandra sect. Leandra 
are presented in Figs 6 and 7.   
 
Figure 6. SEM of seeds (lateral view) and detail of seed cells. A. L. santos-limae. B. L. sericea. C. L. therezopolitana. D. L. 
triantha. E. L. ulaei. F. L. umbellata. Scale bars 100 and 10 um for seeds and seed cells, respectively.  
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Figure 7. SEM of seeds (lateral view) and detail of seed cells. A. L. amplexicaulis. B. L. angustifolia. C. L. capilliflora. D. L. 
cogniauxii. E. L. glazioviana. F. L. hirta. G. L. loligomorpha. H. L. melastomoides. Scale bars 100 and 10 um for seeds and 
seed cells, respectively. 
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4.3. Leaf and flower anatomy 
 The leaf anatomy of two species, L. hirta and L. melastomoides, was studied, and both have a 
similar anatomical pattern (Fig. 8). The leaf blades are covered with a uniseriate epidermis and a thin 
cuticle on both surfaces. The epidermal cells in the adaxial surface are larger than in the abaxial surface, 
and range from quadrangular to rectangular in transverse section, while in the abaxial surface they are 
more homogenous and mostly rectangular. In both species the leaf is hypostomatic. The mesophyll is 
dorsiventral, with one layer of well-defined, homogenous cells in the palisade parenchyma, which are 
more elongated in L. melastomoides. The spongy parenchyma has 3-6 layers of predominantly 
isodiametric cells. Druses might occur throughout the mesophyll.   
 The flower anatomy of L. amplexicaulis, L. angustifolia, L. hirta and L. melastomoides was 
investigated. In all species the flower structures have irregular cells, with different degrees of 
lignification. The hypanthium has 10-12 vascular bundles, while the style shows 3-4 bundles. Those 
correspond to the same number of stamens and ovary locules, respectively. Druses are found throughout 
the structures, sclereids can be present on the hypanthia and ovary, while tiny raphid-like crystals  are 
found in the seed coat. Druses in flower structures are found in many other species of Leandra s.str. (pers. 
obs.) and also reported for the genus Rhexia L. (Eyde & Teeri 1967). They are usually denser on the 
internal most layers of the hypanthia and seem to form an internal skeleton-like pattern in the flowers of 
sect. Leandra (Fig. 8G). 
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Figure 8. Leaf and flower anatomy of Leandra sect. Leandra. A. Leaf cross section of L. hirta. B. Leaf cross section of L. 
melastomoides.  C-G. L. amplexicaulis. C. Flower. D. Anther cross section. E. Anther cross section under polarized light 
showing the druses. F. Hypanthium longitudinal section. G. Hypanthium longitudinal section under polarized light 
showing the druses. D-G are focus stacked images for enhanced depth of field.  
 
4.4. Geographical Distribution 
 Leandra sect. Leandra is endemic to eastern Brazil, with most species occurring in the Atlantic 
Forest, but some are also found in the higher areas of the central Brazilian shield, the "Campos Rupestres" 
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(Fig. 9). The species are mainly found inside or at the border of forested areas, including the species 
found in the Campos Rupestres region. Among the species with restricted distributions, L. ulaei is found 
just in southern areas of Atlantic Forest, L. lapae just in São Paulo state, L. therezopolitana in "Serra dos 
Órgãos" in Rio de Janeiro, L. triantha in Espírito Santo, L. aspera in Nova Frigurgo (RJ) and Espírito 
Santo, L. cogniauxii in São Gonçalo do Rio Abaixo (MG), while L. capitata and L. loligomorpha are 
found in southern Bahia. Among Leandra s.str., sect. Leandra is unique in presenting a relative high 
diversity in southern Bahia, where other species of Leandra are not as prevalent.  
 The remaining species are more widespread, with L. amplexicaulis, L. glazioviana, L. santos-
limae and L. sericea exibiting a similar distribution. Leandra hirta and L. angustifolia partially overlap 
with the latter species, but are more commonly found in the coastal region than the others. Leandra 
umbellata is more centered in the Brazilian shield, while L. capilliflora is found in southern Bahia, 
Espírito Santo and has one collection in Rio de Janeiro. The distribution of L. melastomoides overlaps the 
whole range of the section Leandra.  
 
Figure 9. Geographical distribution of Leandra sect. Leandra. A. Overall distribution. B. Detailed distribution, in gray 
tons elevations higher than 600 m. C. Distributional range color coded by number of species.  
 
 Most species are found at middle elevations (500-1000 m), with the majority of the specimens 
collected around 700 m (Fig. 10). Four species are exceptions for this pattern: L. loligomorpha and L. 
ulaei are restricted to lower elevations, while L. aspera and L. therezopolitana inhabit higher areas 
(higher than 1000 m). Species or individuals of some species found in elevations lower than 600 m are 
only observed in coastal regions, while the inland individuals are always found at higher elevations. 
Interestingly, the highest altitude records for sect. Leandra are from the Campos Rupestres region (the 
highest are some collections of L. melastomoides in "Chapada Diamantina", state of Bahia, at 1700 m). 
This also seems to be a different pattern from the other groups of Leandra s.str., where the highest 
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localities are in the coastal mountains of southeastern Brazil. Leandra sect. Leandra is also unique among 
Leandra s.str. by presenting narrowly distributed species at lower elevations.  
 
 
Figure 10. Box plots of elevational range in Leandra sect. Leandra. In the bottom right corner a histogram of elevation 
values (including all specimens), the tick marks of the x axis in the histogram are the same as in the box plot graph.  
 
4.5. Phenology 
 Phenological data, regarding when specimens were found bearing flowers and/or fruits were 
gathered from the material examined. These data were tabulated by month and are depicted as circular 
histograms in Fig. 11. Despite possible biases in these data due to collecting behavior and/or widespread 
species, species for which we have a reasonable number of specimens seem to share a common pattern (L. 
amplexicaulis, L. angustifolia, L. glazioviana, L. hirta, L. melastomoides, L. sericea and L. umbellata). 
For these taxa, the flowering period seems to start in November, with a peak in January and a decline 
through February and March, with very few records in the other months. Consequently, the fruiting starts 
in February and March, peaking in April, with fewer records spread across other months. Leandra sericea 
seems to have a slightly earlier flowering and fruiting period than the other species.     
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Figure 11. Circular histograms of phenological data of Leandra sect. Leandra. The specimens found with flowers are 
represented in white with a black border, in fruit in gray with no border, and "n" is the number of observations. 
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4.6. Taxonomic Treatment 
 
Leandra sect. Leandra Raddi (1820: 386).  
Type:—Leandra melastomoides Raddi (1820: 386).  
Shrubs or treelets, 0.3–5 m tall. Structures usually covered by unbranched trichomes mixed or not with 
glandular trichomes, seldom glabrous. Leaves isophyllous or slightly anisophyllous in each pair; petioles 
0–5 cm long; blades 3–30 × 1–10 cm, elliptic, ovate, lanceolate or seldom linear, apex acute, shortly 
acuminate, acuminate or caudate, base slightly cordate, rounded, obtuse, cuneate or amplexicaulous, 
margin entire or crenulate, ciliate, membranaceous or chartaceous; acrodromous, with 5–7 main nerves, 
the external-most usually faint, basally nerved or plinerved, distant up to 0–50 mm above the base, main 
nerves usually slightly printed and transversal conspicuous or not on adaxial surface and usually main 
nerves prominent and transversal flat on abaxial, reticulation conspicuous or not. Inflorescences axillary 
or terminal, 1–3(5) per node, 0.5–20 cm long, 0–5 pairs of opposite paraclades, accessory branches absent 
or seldom present, 1 to > 30 flowers per inflorescence, these in glomerules, seldom on dichasia, lax triads 
or solitary; bracteoles 0.4–14 × 0.2–5 mm, elliptic, ovate, oblong, obovate or lanceolate, glabrous or not, 
caducous or persistent. Flowers (4)5–6(7)-merous, sessile, seldom on pedicels up to 0.2 mm long. 
Hypanthium 2–5 × 1–4 mm, campanulate or tubular, seldom urceolate, inner surface glabrous, torus 
indumentum absent or seldom present, formed by sparse small unbranched glandular trichomes (0.15–0.5 
mm). Calyx tube 0.2–0.6 mm long; inner lobes 0.4–3 × 0.5–1.5 mm, deltoid, ovate, oblong or triangular; 
external teeth 1–10 mm long, linear-subulate. Petals white, seldom pink in the central region, 2–6.5 × 
0.7–2.2 mm, linear or lanceolate, seldom oblong, apex acute or acuminate, seldom rounded or truncate, 
margin entire, eciliate, glabrous or seldom with an apical glandular trichome, spreading or seldom 
reflexed at anthesis. Stamens (8)10–12, sub-isomorphic, opposite to the style, seldom surrounding the 
style; filaments white, geniculation absent or present, the larger 2–8 mm long, the smaller 1.5–7.5 mm 
long, glabrous; anthers pink or white, the larger 2.5–7.5 mm long, the smaller 2–5.5 mm long, linear-
subulate, dorsally curved to straight or seldom ventrally curved, pore 0.1–0.15 mm wide, terminal, 
connectives dorsally produced below the anthers 0–1.5 mm, appendage absent or present. Ovary 3–4-
celled, 1.5–3.5 × 0.5–2 mm, 10–90 % inferior, apex usually covered by unbranched trichomes, seldom by 
glandular trichomes or glabrous. Style white, 5–14 mm long, sigmoid, seldom straight, glabrous, stigma 
punctiform, 0.15–0.3 mm diam. Fruits berries, mature color blue, purple or black, 4.5–13 × 3–8 mm. 
Seeds 0.6–1.3 × 0.3–0.8 mm, long-pyramidal, pyramidal or ovoid, hilum covering 8–9/10 of the seed 
length, anticlinal cell walls flat or slightly convex, periclinal jig-saw type, tertiary sculpture absent, 
appendage absent. 
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Key to the species of Leandra sect. Leandra 
 
1. Inflorescences axillary .......................................................................................................................... 2 
- Inflorescences terminal ......................................................................................................................... 6 
2. Leaves glabrous, inflorescences lax, petals with apex rounded or truncate ...................... L. capilliflora 
- Leaves with indumentum, inflorescences glomerulate, petals with apex acute or acuminate .............. 3 
3. External calyx teeth (6)7–10  mm long, non-involucral bracts ..................................... L. loligomorpha 
- External calyx teeth less than 5 mm long, involucral bracts (reduced in L. angustifolia, only partially 
covering the hypanthia) ........................................................................................................................ 4 
4. Branches and petioles with trichomes 3–8 mm long, leaf blades elliptic to obovate, style surrounded 
by the stamens at anthesis .................................................................................................. L. cogniauxii 
- Branches with trichomes less than 3 mm long, leaf blades predominantly lanceolate, style opposite to 
the stamens at anthesis .......................................................................................................................... 5 
5. Leaves with trichomes 2.5–4 mm long; bracteoles 7–9 mm long .......................................... L. capitata 
- Leaves with trichomes smaller than 2 mm long; bracteoles 4–7 mm long ...................... L. angustifolia 
6. Inflorescences formed by one glomerule (up to 3 flowers) or a solitary flower .................... L. triantha 
- Inflorescences with more than 3 flowers............................................................................................... 7 
7. Leaf bases amplexicaulous ............................................................................................ L. amplexicaulis 
- Leaf bases not  amplexicaulous ............................................................................................................. 8 
8. Leaves with glandular trichomes, plants viscous when living .............................................................. 9 
- Leaves without glandular trichomes, plants not viscous when living ................................................. 10  
9. Larger stamen filaments 7–8 mm long, larger anthers 5–9 mm long, connective produced below the 
anther (0.8–1.5 mm) and appendaged ................................................................................. L. umbellata 
- Larger stamen filaments ca. 4 mm long, larger anthers ca. 3 mm long, connective nor produced 
below the anther and unappendaged .......................................................................................... L. lapae 
10. Bracts and bracteoles persistent during flowering and fruiting, involucral, anthers pink ................... 11   
- Bracts and bracteoles early caducous, not forming a tight involucre, anthers usually white (except in 
L. aspera and L. therezopolitana) ....................................................................................................... 14 
11. Leaves with 7 nerves (including 5 + 2) ............................................................................................... 12 
- Leaves with 5 or fewer nerves ............................................................................................................ 13 
12. Leaf blades predominantly elliptic, base decurrent or cuneate, seldom obtuse ...................... L. sericea 
Taxonomic revision of Leandra sect. Leandra     144 
 
 
 
- Leaf blades predominantly ovate, base rounded ......................................................................... L. ulaei  
13. Branches with trichomes 1.5–4 mm long, petioles (0.2)0.5–1(1.5) cm, larger stamens with anthers 
5.5–7.5 mm long, fruits 10–13 × 7.5–9 cm ...................................................................... L. glazioviana 
- Branches with trichomes 0.4–2, petioles 0.2–3 cm long, larger stamens with anthers 3.4–4.5 mm 
long, fruits 5–10 × 4–6 cm .......................................................................................... L. melastomoides 
14. Leaves basally nerved .............................................................................................................. L. aspera 
- Leaves plinerved ................................................................................................................................. 15 
15. Leaf blades predominantly elliptic, (2.5)3.5–6 cm wide, bracteoles 2–3 mm long, ovate ......................  
   ........................................................................................................................................ L. santos-limae 
- Leaf blades predominantly lanceolate, (1.5)2–3.5(5) cm wide, bracteoles 3–7 mm long, lanceolate 16 
16. Anthers pink, flowers predominantly 6-merous ......................................................... L. therezopolitana 
- Anthers white, flowers predominantly 5-merous ........................................................................ L. hirta 
 
1. Leandra amplexicaulis Candolle (1828: 153). Type:—BRAZIL. Minas Gerais: C.F.P. von Martius s.n. 
(holotype M!, isotypes B, destroyed, G image!). (Figs. 12, 13, 14, 15) 
Leandra longistyla Cogn. in Martius et al. (1888: 80). Lectotype (designated here):—BRAZIL. Rio de Janeiro: 
A.F.M. Glaziou 2994 (BR image!, isolectotype P). Additional syntypes: BRAZIL. Rio de Janeiro: A.F.M. 
Glaziou 6528 (BR image!, K image!); Widgren s.n. (not located).  
Leandra pectinata Cogn. in Martius et al. (1888: 78). Type:—BRAZIL. Rio de Janeiro: Nova Friburgo, 12 March 
1870, A.F.M. Glaziou 3964 (holotype P image!, isotype R!).  
Leandra attenuata Cogn. in Candolle & Candolle (1891: 617). Type:—BRAZIL. Rio de Janeiro: Teresópolis, Serra 
dos Órgãos, 22 January 1888, A.F.M. Glaziou 16826 (holotype BR image!, isotypes K image!, P, R!).  
 
Shrubs or treelets, (0.5)1–3(5) m tall. Branches, petioles, leaves, inflorescences and bracteoles covered by 
appressed, unbranched trichomes (0.4–1.5 mm), these sparser on leaf blade surfaces, denser on branches, 
inflorescences and hypanthia; seldom unbranched glandular trichomes (0.7–1 mm) mixed on the 
hypanthia. Leaves slightly anisophyllous in each pair (up to 6:8 ratio); petioles 0(–0.4) cm long; blades 
(12)15–25(30) × (3)4–8 cm, lanceolate, seldom slightly obovate, apex acuminate, base amplexicaulous, 
margin entire or crenulate, ciliate (0.7–1 mm), chartaceous; 3–5 main nerves, plus 0–1 additional pair of 
faint veins, plinerved, distant (12)17–30(50) mm above the base, main nerves slightly printed, transversal 
not conspicuous on adaxial surface and main and transversal nerves prominent on abaxial, reticulation 
conspicuous or not. Inflorescences terminal, 1–3(5) per node, (6.5)7.5–15(–20) cm long, (3)4–5 pairs of 
opposite paraclades, accessory branches absent, > 30 flowers per inflorescence, these in glomerules; 
bracteoles 5.5–8 × 3–5(7) mm, oblong or obovate, seldom elliptic or ovate, glabrous with a ciliate margin, 
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persistent. Flowers 6-merous, sessile. Hypanthium 4–5 × 2.5–3 mm, tubular or slightly campanulate, torus 
indumentum absent. Calyx tube 0.3–0.6 mm long; inner lobes 1.5–2.5 × 1–1.5 mm, ovate to triangular 
with a rounded apex; external teeth 1–2.5 mm long. Petals white, 4–5 × 1–1.5 mm, linear to lanceolate, 
apex acute or acuminate, glabrous or seldom with an apical glandular trichome (0.4–0.6), spreading or 
reflexed at anthesis. Stamens 12, opposite to the style; filaments geniculation present, the larger 4–6 mm 
long, the smaller 2.5–4.5 mm long; anthers pink, the larger 3.7–5 mm long, the smaller 2.8–3.8 mm long, 
linear-subulate, dorsally curved, pore 0.12–0.15 mm wide, connectives dorsally produced below the 
anthers 0.1–0.6 mm, appendage present in the larger anthers, as a basal-dorsal bifurcation in the 
connective. Ovary 4–celled,  2.5–3.5 × 1.5–2 mm, 20–40 % inferior, apex densely covered by unbranched 
trichomes (ca. 1 mm). Style ca. 12 mm long, sigmoid, stigma ca. 0.25 mm diam. Berries black, 6–9 × 4.5–
8 mm. Seeds 0.85–1 × ca. 0.5 mm, long-pyramidal, hilum covering 9/10 of the seed length, anticlinal cell 
walls flat. 
Notes:—Leandra amplexicaulis is readily identified by the leaves with amplexicaulous bases (but see 
notes of L. melastomoides). Cogniaux (1888) placed L. amplexicaulis along L. pectinata and L. longistyla 
in his key. This author used the number of nerves to separate L. longistyla from L. amplexicaulis, and the 
shorter external calyx teeth to identify L. pectinata. However, all specimens examined present the same 
number of veins (5 or 3+2), including the type of L. longistyla, and the external teeth length seem to be 
variable. It is not clear which would be the diagnostic characters of L. attenuata, a third species described 
by the same author later (Cogniaux 1891). Leandra attenuata and L. pectinata were suggested as potential 
synonyms of L. amplexicaulis by Baumgratz & Souza (2011).  
 
Selected specimens examined:—BRAZIL. Espírito Santo: Cariacica, Goldenberg 1449 (RB); Castelo, 
Kollmann 6414 (RB); Divino de São Lourenço, Fontana 2264 (RB); Itaguaçu, Brade 18288 (RB); Iúna, 
Hatschbach 31347 (MBM); Santa Teresa, Pizziolo 85 (CEPEC); São Roque do Canaã, Reginato 1187 
(UPCB). Minas Gerais: Carangola, Leoni 707 (SP); Catas Altas, Giacomin 192 (UPCB); Coronel 
Pacheco, Heringer 1752 (SP); Pedra Dourada, Fontana 3005 (RB); Santa Bárbara, Barreto 6700 (SP). 
Paraná: Adrianópolis, Camargo 60 (UPCB); Bocaiúva do Sul, Hatschbach 61388 (MBM); Campina 
Grande do Sul, Hatschbach 20778 (MBM); Cerro Azul, Kummrow 1672 (MBM); Guaratuba, Reginato 
1236 (UPCB); Tunas do Paraná, Reginato 740 (UPCB). Rio de Janeiro: Itatiaia, Silva Neto 615 (RB); 
Nova Friburgo, Reginato 1124 (UPCB); Petrópolis, Urbano 9909 (RB); Resende, Martinelli 10802 (RB); 
Rio Claro, Martinelli 4084 (RB); Santa Maria Madalena, Reginato 1213 (UPCB); Teresópolis, Saldanha 
6818 (RB). Santa Catarina: Brusque, Smith 7972 (NY); Palhoça, Reitz 2434 (M). São Paulo: Apiaí, 
Puiggari 3691 (SP); Barra do Turvo, Ribas 4622 (MBM); Guarulhos, Reginato 1313 (UPCB); Ibiúna, 
Romaniuc Neto 940 (SP); Mairiporã, Arzolla 865 (UPCB); Paranapiacaba, Hoehne 4459 (RB); 
Pindamonhangaba, Cordeiro 1344 (SP); Queluz, Koch 467 (SP); São Paulo, Simão-Bianchini 879 (SP); 
Tapiraí, Mello-Silva 895 (SP). 
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Figure 12. Distribution of Leandra amplexicaulis.  
 
Figure 13. Leandra amplexicaulis. A. Habit. B. Branch with inflorescence. C. Detail of the leaf base. D. Flowers. 
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Figure 14. Leandra amplexicaulis. A. Leaf on abaxial view. B. Detail of the leaf base. C. Inflorescence. D. Detail of the 
shoot. E-F. Branch with inflorescence. G. Detail of the leaf on adaxial view. 
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Figure 15. Leandra amplexicaulis (flower). A-B. Flower. C. Flower bud. D. Bracteole. E. Hypanthium cross section. F. 
Detail of anther pore. G. Hypanthium. H. Hypanthium longitudinal section. I Stamens. J. Anthers. K. Detail of anther 
base. L. Style. M. Petal. Scales: A-D, G-J, L, M = 1mm; E, F, K = 0.25 mm.  
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2. Leandra angustifolia Candolle (1828: 153). Ossaea angustifolia (DC.) Triana (1871: 147). Pentossaea 
angustifolia (DC.) Judd (1989: 490). Lectotype (designated here):—BRAZIL: C. Gaudichaud-Beaupré 
s.n. (G image!). Additional syntypes: BRAZIL: Kunth. (not located). (Figs. 16, 17, 18, 19, 20) 
Leandra corcovadensis Raddi (1829: 141). Type:—BRAZIL. Rio de Janeiro: Rio de Janeiro, Corcovado, G. Raddi 
s.n. (holotype PI!). 
Ossaea angustifolia var. brevifolia Cogn. in Martius et al. (1888: 543). Type:—BRAZIL. Rio de Janeiro: A.F.M. 
Glaziou 6883 (holotype BR image! isotypes BR image!, K image!, P). 
 
 
Shrubs, 1–3 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by appressed, 
unbranched trichomes (0.5–2 mm), these sparser on the old branches and leaf surfaces, sometimes leaf 
surface glabrous with the trichomes restricted to the main veins, trichomes longer on bracts and 
hypanthium, sometimes glandular trichomes (ca. 1 mm) mixed on the hypanthium. Leaves isophyllous or 
slightly anisophyllous in each pair (4:9 ratio); petioles (0.3)0.5–2(2.5) cm long; blades (4)6–16(21) × 
(0.8)1.5–4(5.5) cm, linear, lanceolate or slightly elliptic-lanceolate, apex acuminate, base obtuse or 
cuneate, margin entire or dentate, ciliate (0.5–1 mm), membranaceous or chartaceous; 3 or seldom 1 main 
nerves, plus 0–1 additional pair of faint veins, basally nerved or plinerved, distant 0–25 mm above the 
base, main nerves flat, transversal not conspicuous on adaxial surface and main nerves prominent, 
transversal flat on abaxial, reticulation slightly conspicuous. Inflorescences axillary, 1–2 per node, 0.5–
1.5 cm long, 0(1) pairs of opposite paraclades, accessory branches absent, 1–3(9) flowers per 
inflorescence, these in glomerules or solitary; bracteoles 2.5–5.5 × 1–2.5 mm, lanceolate, ovate or elliptic, 
uniformly covered by simple trichomes, persistent. Flowers 5–6-merous, sessile. Hypanthium 2.7–3.3 × 
1.8–2.2 mm, tubular to slightly urceolate, torus indumentum present or absent, formed by sparse small 
unbranched glandular trichomes (0.15 mm). Calyx tube ca. 0.4 mm long; inner lobes 0.4–0.7 × 0.5–0.9 
mm, deltoid; external teeth 1.5–2.5 mm long. Petals white, 3.2–4 × 0.7–1 mm, linear or lanceolate, apex 
acuminate, glabrous, spreading at anthesis. Stamens 10–12, opposite to the style; filaments geniculation 
present, the larger 3.5–5 mm long, the smaller 2.7–4 mm long; anthers white, the larger 2.5–4 mm long, 
the smaller 2–2.5 mm long, linear-subulate, dorsally curved, pore 0.11–0.14 mm wide, connectives 
dorsally produced below the anthers 0–0.6 mm, appendage present in the larger anthers, as a basal-dorsal 
bifurcation in the connective. Ovary 4-celled,  1.5–2 × ca. 1 mm, 60–70 % inferior, apex glabrous or 
covered by unbranched trichomes (0.4 mm). Style 7–9 mm long, sigmoid, stigma 0.3 mm diam. Berries 
purple to black, 4.5–7 × 3.5–5 mm. Seeds 0.7–0.9 × 0.5–0.6 mm, long-pyramidal, hilum covering 9/10 of 
the seed length, anticlinal cell walls flat. 
Notes:—Among the morphologically similar species, L. angustifolia can be differentiated from L. 
cogniauxii and L. capitata by the smaller trichomes and bracteoles, and from L. loligomorpha by the 
Taxonomic revision of Leandra sect. Leandra     150 
 
 
 
shorter external calyx teeth, style position and fruit size (especially the ratio). Since Triana (1871), this 
species has been treated in the genus Ossaea. Here, the basionym is adopted, following the results of the 
phylogenetic hypothesis (see Results).  
 Leandra angustifolia has two distinct morphotypes. One with basally nerved leaves and the other 
with plinerved ones. The second morphotype has leaves with larger length, width and ratios (Fig. 16).  It 
seems that there is a strong correlation between length and width in this species (r = 0.8), and to a lesser 
extent of leaf length and plinervy (r = 0.68, data not shown). Although the two morphotypes seem to be 
well differentiated based on statistics (Fig. 16-A), there is some overlap in the characters analyzed and 
they were treated as a single species here. Nonetheless, further morphological and molecular 
investigations at the populational level are very desirable. Examples of the leaf diversity of this species 
are given in Fig. 16-D.  
 
Selected specimens examined:—BRAZIL. Bahia: Amargosa, Perdiz 171 (CEPEC); Arataca, Reginato 
1283 (RB); Barro Preto, Thomas 14302 (NY); Ibirapitanga, Thomas 13446 (CEPEC); Ilhéus, Vinha 104 
(RB); Itabuna, Raimundo 1098 (RB); Porto Seguro, Vinha 104 (CEPEC); Una, Santos 4106 (CEPEC); 
Wenceslau Guimarães, Reginato 1295 (RB). Espírito Santo: Cachoeiro de Itapemirim, Brade 19950 (RB); 
Itaguaçu, Brade 18141 (NY); Santa Leopoldina, Goldenberg 1436 (RB); Santa Maria de Jetibá, 
Fernandes 3291 (RB); Santa Teresa, Vimercat 157 (UPCB); São Mateus, Martinelli 2153 (RB). Minas 
Gerais: Caratinga, Lopes 688 (SP); Faria Lemos, Lucas 649 (UPCB); Juiz de Fora, Menini Neto 414 
(UPCB); Novo Cruzeiro, Stehmann 3546 (UPCB); Santa Maria do Salto, Lombardi 5880 (UPCB). 
Paraná: Guaratuba, Hatschbach 18238 (NY). Rio de Janeiro: Itatiaia, Santos Filho 78 (RB); Miguel 
Pereira, Baumgratz 997 (CEPEC); Nova Friburgo, Reginato 1119 (UPCB); Nova Iguaçu, Silva Neto 1633 
(RB); Petrópolis, Goes 76 (RB); Rio de Janeiro, Vaz 559 (RB); Santa Maria Madalena, Mautone 444 
(RB); Teresópolis, Velloso 551 (R). Santa Catarina: Blumenau, Klein 1090 (M); Itajaí, Klein 718 (M); 
Palhoça, Reitz 2523 (NY). São Paulo: Caraguatatuba, Santos 693 (UPCB); Queluz, Árbocz 2730 (SP). 
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Figure 16. Leandra angustifolia. A. Box plot of leaf length, width, ratio and plinervy. B. Plot of leaf length (x) and width 
(y). C. Plot of leaf aspect ratio (x) and plinervy (y). D. Examples of leaves, all at the same scale (bar = 2 cm). Triangles 
correspond to the plinerved type and circles to the basally nerved.  
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Figure 17. Distribution of Leandra angustifolia. Circles are the basally nerved morphotype, while the triangles are the 
plinerved. 
 
Figure 18. Leandra angustifolia. A. Habit. B. Branch with inflorescence. C. Detail of inflorescences. D. Young fruit. 
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Figure 19. Leandra angustifolia. A. Branch with inflorescences. B. Detail of the inflorescence. C. Branch with 
inflorescences. D. Detail of the inflorescence. E. Branch with inflorescences. F. Detail of leaf on adaxial view. (C plinerved 
morphotype, A and E the basally nerved morphotype).  
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Figure 20. Leandra angustifolia (flower). A. Flower. B. Flower bud. C. Bracteole. D. Style. E. Petal. F. Hypanthium 
longitudinal section. G. Detail of anther base.  H. Stamens. I. Anthers. J. Detail of the calyx. K. Detail of the ovary apex. 
Scales: A-F, H-I = 1 mm; G, J, K = 0.25 mm. 
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3. Leandra aspera Cogn. in Candolle & Candolle (1891: 655). Type:—BRAZIL. Rio de Janeiro: Nova 
Friburgo, Alto Macahé, A.F.M. Glaziou 16861 (holotype BR image!, isotypes BR image!, C, G image!, K 
image!, NY!, P). (Figs. 21, 22, 23) 
Shrubs, 1 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by appressed, 
unbranched trichomes (ca. 0.5 mm), these sparser on the leaf surfaces. Leaves isophyllous or slightly 
anisophyllous in each pair (4:6 ratio); petioles 0.5–1.5 cm long; blades 3–10 × 0.7–2.5 cm, lanceolate, 
apex shortly acuminate, base cuneate, margin crenulate or entire, ciliate (0.5 mm), chartaceous; 3 main 
nerves, plus 0–1 additional pair of faint veins, basally nerved, nerves slightly conspicuous on adaxial 
surface and main nerves prominent, transversal flat on abaxial, reticulation slightly conspicuous. 
Inflorescences terminal, seldom pseudolateral, 1 per node, 4–6 cm long, 2–3 pairs of opposite paraclades, 
accessory branches absent, ca. 15 flowers per inflorescence, these in glomerules; bracteoles 4–5 × 0.5–2 
mm, lanceolate, uniformly covered by simple trichomes, caducous. Flowers 5-merous, sessile. 
Hypanthium 3.5–4 × 2.3–2.7 mm, campanulate to tubular, torus indumentum absent. Calyx tube 0.3–0.4 
mm long; inner lobes 1.4–1.6 × 0.9–1.1 mm, triangular; external teeth 2.5–3 mm long. Petals white, 3.8–
4.2 × ca. 1.5 mm, linear to lanceolate, apex acuminate, glabrous, spreading at anthesis. Stamens 10, 
opposite to the style; filaments geniculation present, the larger 5.1–5.5 mm long, the smaller 4.5–5 mm 
long; anthers pink, the larger 3.8–4.2 mm long, the smaller 3.4–3.7 mm long, linear-subulate, dorsally 
curved, pore ca. 0.12 mm wide, connectives dorsally produced below the anthers 0.3–0.5 mm, appendage 
present, a basal-dorsal bifurcation in the connective of larger anthers. Ovary 3-celled,  ca. 2.5 × 1.5 mm, 
ca. 35 % inferior, apex sparsely covered by unbranched trichomes (0.5 mm). Style 10–11 mm long, 
sigmoid, stigma ca. 0.25 mm diam. Fruits and seeds not seen. 
 
Notes:—Among the species with caducous bracteoles, Leandra aspera is readily identified by the basally 
nerved leaves. There are few collections of L. aspera, but most (including the type) present slightly 
obovate leaves, which also would distinguish the species from its close relatives. Nonetheless, there are 
some specimens with predominantly lanceolate leaves.  
 
Specimens examined:—BRAZIL. Espírito Santo: Castelo, Kollmann 10578 (RB, UPCB); Santa Teresa, 
Hupp 75 (RB), Vervloet 1722 (RB).  
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Figure 21. Distribution of Leandra aspera.  
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Figure 22. Leandra aspera. A. Detail of the leaf on adaxial view. B. Branch with inflorescences. C. Detail of the leaf base. 
D. Detail of the shoot. E. Inflorescence. F. Leaf on abaxial view. 
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Figure 23. Leandra aspera (flower). A. Flower. B. Flower bud. C. Stamens. D. Bracteole. E. Style. F. Hypanthium cross 
section. G-H. Detail of anther base. I. Detail of anther pore. J. Petal. K. Hypanthium longitudinal section. L. Detail of the 
ovary. M. Anthers. Scales: A-E, J-K, M = 1 mm; F-I, L= 0.25 mm.  
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4. Leandra capilliflora (Naudin) Reginato, comb. nov. (Figs. 24, 25, 26, 27) 
 
Basionym: Staphidiastrum capilliflorum Naudin (1852: 331). Sagraea capilliflora (Naudin) Triana (1871: 
138). Clidemia capilliflora (Naudin) Cogn. in Martius et al. (1886: 508). Lectotype (designated here):—
BRAZIL. Rio de Janeiro: H. Lalande s.n. (P image!). Additional syntype: BRAZIL: C. Gaudichaud-
Beaupré 720 (not located).  
 
Shrubs, 1 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles glabrous, hypanthia 
glabrous or sparsely covered by glandular trichomes (ca. 0.8–1.5 mm). Leaves isophyllous or slightly 
anisophyllous in each pair (up to 3:6 ratio); petioles 0.2–1 cm long; blades 3–8(10) × 1–3.5(5) cm, 
lanceolate or obovate, apex acuminate or caudate, base cuneate, margin entire, ciliate (0.2–0.5 mm), 
membranaceous; 3 main nerves, plus 0–1 additional pair of faint veins, basally nerved, seldom slightly 
plinerved, distant up to 4 mm above the base, main nerves slightly printed, transversal not conspicuous on 
adaxial surface and main and transversal nerves prominent on abaxial, reticulation slightly conspicuous. 
Inflorescences axillary, seldom with an additional terminal one, 1–2 per node, 1.5–3 cm long, opposite 
paraclades absent, accessory branches absent, 3 flowers per inflorescence, these on dichasia; bracteoles 
0.4–0.6 × 0.2–0.3 mm, subulate, glabrous, persistent. Flowers 4-merous, sessile or on pedicels up to 0.2 
mm long. Hypanthium 2–3 × 1–2 mm, tubular or urceolate, torus indumentum absent. Calyx tube ca. 0.4 
mm long; inner lobes 0.5–1 × ca. 0.7 mm, deltoid; external teeth 1–2.5 mm long. Petals white, 2–2.6 × 
0.7–1 mm, oblong, apex rounded or slightly truncate, glabrous, reflexed at anthesis. Stamens 8, 
surrounding the style; filaments geniculation present, the larger 2–2.5 mm long, the smaller 1.5–2 mm 
long; anthers white, the larger 2.8–3 mm long, the smaller 2–2.2 mm long, linear-subulate, straight or 
ventrally curved, pore ca. 0.10 mm wide, connectives dorsally produced below the anthers 0–0.4 mm, 
appendage present in the larger anthers, as a basal-dorsal bifurcation in the connective. Ovary 3-celled,  
1.5–2 × 1–1.5 mm, 90 % inferior, apex densely covered by glandular trichomes (0.5–0.8 mm). Style 5–7 
mm long, straight, stigma 0.15 mm diam. Berries blue or purple, 6–9 × 4–6 mm. Seeds 0.6–0.7 × 0.3–0.4 
mm, long-pyramidal, hilum covering 85/100 of the seed length, anticlinal cell walls slightly convex. 
 
Notes:—Leandra capilliflora can be identified by a set of characters that are not found in any other 
species of sect. Leandra. Among the most conspicuous are the glabrous leaves, lax and long pedunculate 
lateral inflorescences, and flowers predominantly 4-merous with rounded or truncate petal apices. 
Overall, this species seems to be morphologically similar to species of Leandra s.str. outside sect. 
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Leandra, like Ossaea suprabasalis R.Goldenb. & Reginato, O. coriacea (Naudin) Triana, O. 
cinnamomifolia (Naudin) Triana and L. euphorbioides (Naudin) D'El Rei Souza & Baumgratz, from 
which is differentiated by the rounded or truncate petal apex and/or the basally nerved or slightly 
plinerved leaves. Nonetheless, the phylogenetic hypothesis for the group (see Results) is followed here, 
and this species is treated in sect. Leandra under a proposed new combination. 
 
 
Specimens examined:—BRAZIL. Bahia: Arataca, Amorim 5017 (UPCB), Goldenberg 875 (UPCB); 
Belmonte, Silva 372 (NY); Itacaré, Mori 12011 (CEPEC, NY, RB); Una, Brito 4239 (UPCB), Santos 
4043 (UPCB); Uruçuca, Fiaschi 2383 (CEPEC, NY); Wenceslau Guimarães, Amorim 5066 (CEPEC, NY, 
UPCB), Reginato 1294 (RB), Thomas 9379 (CEPEC, NY). Espírito Santo: Cachoeiro de Itapemirim, 
Brade 19366 (NY, RB), Brade 19743 (NY, RB); Cariacica, Fontana 5163 (NY, RB, UPCB), Forzza 
5025 (UPCB), Goldenberg 1095 (UPCB); Ibiraçu, Fontana 2792 (UPCB); Santa Teresa, Goldenberg 
1531 (NY, UPCB), Goldenberg 895 (UPCB), Reginato 1206 (NY, UPCB). Rio de Janeiro: Santa Maria 
Madalena, Heiden 753 (CEPEC, NY, RB). 
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Figure 24. Distribution of Leandra capilliflora.  
 
Figure 25. Leandra capilliflora. A. Habit. B. Branch with inflorescence. C. Detail of the inflorescences. D. Flower. 
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Figure 26. Leandra capilliflora. A. Leaf on abaxial view. B. Branch with inflorescences. C. Detail of the shoot. D. Detail of 
the infrutescence. E. Detail of leaf base on abaxial view. F. Detail of leaf on adaxial view.  
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Figure 27. Leandra capilliflora (flower). A. Detail of the calyx external teeth. B. Bracteole. C-D. Flower. E. Flower bud. F. 
Style. G. Anther base. H. Anther apex. I. Detail of ovary apex. J. Ovary cross section. K. Stamens. L. Anthers. M. 
Hypanthium longitudinal section. N. Petal. Scales: C, M, N = 1 mm; A, B, D-L = 0.25 mm.    
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5. Leandra capitata Reginato, nom. nov. (Figs. 28, 29, 30, 31) 
Basionym: Ossaea consimilis Souza (2002: 11). Ossaea capitata Vinha (1973: 322), nom. illeg. Type:—
BRAZIL. Bahia: Eunápolis, Itabela, 3 July 1970, T.S. Santos 874 (holotype CEPEC!, isotype US!). Non 
Leandra consimilis Gleason.  
 
Shrubs, 2 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by unbranched 
trichomes (1–2.5 mm), these very sparse on the old branches and leaf surfaces, and denser on petioles and 
hypanthia. Leaves slightly anisophyllous in each pair (8:10 ratio); petioles 0.6–1 cm long; blades 6–11 × 
2–3 cm, lanceolate, apex acuminate to caudate, base obtuse, margin entire, ciliate (2 mm), 
subchartaceous; 3 main nerves, plus 1 additional pair of faint veins, basally nerved, main nerves slightly 
conspicuous on adaxial surface and main and transversal nerves slightly prominent on abaxial, 
reticulation slightly conspicuous. Inflorescences axillary, 2 per node, 1 cm long, opposite paraclades 
absent, accessory branches absent, 3 flowers per inflorescence, these in glomerules; bracteoles 7–9 × 2–3 
mm, oblong, uniformly covered by simple trichomes, persistent. Flowers 6-merous, sessile. Hypanthium 
4.5 × 2.5 mm, tubular, torus indumentum absent. Calyx tube 0.3 mm long; inner lobes 0.9–1.1 × ca. 0.5 
mm, lanceolate; external teeth 3.5 mm long. Petals white, 4.8–5.2 × ca. 0.7 mm, linear, apex acuminate, 
glabrous, spreading at anthesis. Stamens 12, opposite to the style; filaments geniculation present, the 
larger 5 mm long, the smaller 4.5 mm long; anthers pink, the larger 3.7 mm long, the smaller 3 mm long, 
linear-subulate, straight, pore .15 mm wide, connectives dorsally not produced below the anthers, 
appendage absent. Ovary 4-celled,  2.5 × 1.2 mm, 40–50 % inferior, apex sparsely covered by unbranched 
trichomes (0.5 mm). Style 10 mm long, sigmoid, stigma 0.25 mm diam. Fruits and seeds not seen. 
Notes:—Among the morphologically similar species, Leandra capitata can be differentiated from L. 
angustifolia by the longer trichomes and bracteoles, and from L. cogniauxii by the lanceolate leaves. 
There are few collections of this species and it does not seem to be sympatric with any morphologically 
close relative with which it might be confused A new name for this species is proposed, since the epithet 
consimilis is already taken in Leandra. The epithet used by the author of the first name proposed for this 
taxa was chosen to designate the new name. Ossaea capitata Vinha was a posterior homonym of Ossaea 
capitata Urb.  
 
Specimens examined:—BRAZIL. Bahia: Eunápolis, Mello-Filho 2986 (CEPEC, R), Santos 874 
(CEPEC); Jequié, Reginato 1303 (NY, RB). 
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Figure 28. Distribution of Leandra capitata.  
 
Figure 29. Leandra capitata. A. Habit. B. Branch with inflorescence. C. Detail of the inflorescences. D. Old flowers.  
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Figure 30. Leandra capitata. A. Detail of the leaf on adaxial view. B. Branch with inflorescences. C. Detail of the shoot. D. 
Leaf on abaxial view. E. Detail of the leaf base. F. Inflorescence.  
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Figure 31. Leandra capitata (flower). A. Flower. B. Flower bud. C. Bracteole. D. Style. E. Detail of the ovary apex. F. 
Detail of the anther apex. G. Hypanthium longitudinal section. H. Stamens. I. Petal. J. Anthers. Scales: A-D, G-J = 1mm; 
E-F = 0.25 mm.  
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6. Leandra cogniauxii (D'El Rei Souza) Reginato, comb. nov. (Figs. 32, 33, 34, 35) 
Basionym: Ossaea cogniauxii Souza (2002: 31). Type:—BRAZIL. Minas Gerais: Santa Bárbara, Serrinha 
de Santa Bárbara, 4 May 1892, A.F.M. Glaziou 19324 (holotype P, isotypes BR image!, C, K image!, P). 
 
Shrubs or treelets, 2–3 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by 
unbranched trichomes (3–8 mm), these sparser on leaf abaxial surfaces, and denser on young branches 
and petioles. Leaves isophyllous or slightly anisophyllous in each pair (8:10 ratio); petioles 1–2 cm long; 
blades 10–22 × 5–10 cm, elliptic to obovate, apex shortly acuminate, sometimes slightly caudate, base 
cuneate, margin entire or crenulate, ciliate (1.5–4 mm), chartaceous; 3 main nerves, plus 1 additional pair 
of faint veins, plinerved, distant 5–15 mm above the base, main nerves slightly printed on adaxial surface 
and main and transversal nerves prominent on abaxial, reticulation slightly conspicuous. Inflorescences 
axillary, 2 per node, 1 cm long, opposite paraclades absent, accessory branches absent, 3 flowers per 
inflorescence, these in glomerules; bracteoles 4.5–10 × 1.5–3 mm, oblong, uniformly covered by simple 
trichomes, persistent. Flowers 5-merous, sessile. Hypanthium 3–3.5 × 1.8–2 mm, tubular to slightly 
urceolate, torus indumentum absent. Calyx tube 0.5 mm long; inner lobes 1 × 0.5 mm, oblong with a 
rounded apex; external teeth 3–4 mm long. Petals with the borders white and central region pinkish, 4.8–
5.2 × ca. 1.5 mm, linear to lanceolate, apex acute to acuminate, glabrous, spreading at anthesis. Stamens 
10, surrounding the style; filaments geniculation absent or slightly conspicuous, the larger 3.5–4 mm 
long, the smaller 3.2–2.6 mm long; anthers white, the larger 3.5–4 mm long, the smaller 3–3.5 mm long, 
linear-subulate, straight, pore 0.10–0.15 mm wide, connectives dorsally not produced below the anthers, 
appendage absent. Ovary 3-celled,  ca. 2 × 1.5 mm, ca. 50 % inferior, apex covered by unbranched 
trichomes (0.8–1 mm). Style 12 mm long, straight, stigma 0.2 mm diam. Berries blue, 6 × 3 mm. Seeds 
ca. 0.8 × .6 mm, pyramidal, hilum covering 8/10 of the seed length, anticlinal cell walls flat. 
Notes:—Leandra cogniauxii can be distinguished by the long trichomes, obovate leaves and conspicuous 
bracteoles. All the recent collections are from the same locality, which is a neighboring municipality of 
the one indicated for the type specimen.   
 
Specimens examined:—BRAZIL. Minas Gerais: São Gonçalo do Rio Abaixo, Lombardi 4684 (UPCB), 
Reginato 1419 (NY, UPCB), SPF 84983 (SPF), SPF 84985 (SPF). 
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Figure 32. Distribution of Leandra cogniauxii.  
 
Figure 33. Leandra cogniauxii. A. Habit. B. Leaf base on abaxial view. C. Detail of the inflorescences. D. Flower. 
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Figure 34. Leandra cogniauxii. A. Branch with inflorescences. B. Inflorescence. C. Leaf on abaxial view. D. Detail of the 
shoot. E. Detail of the leaf base. F. Detail of the leaf on adaxial view.  
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Figure 35. Leandra cogniauxii (flower). A. Flower. B. Hypanthium longitudinal section. C. Hypanthium. D. Bracteole. E. 
Ovary cross section. F. Anther apex. G. Style. H. Detail of the calyx. I. Stamen. J. Anthers. K. Petal. L. Detail of ovary 
apex. Scales: A-D, G, I-K = 1 mm; E-F, H, L = 0.25 mm. 
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7. Leandra glazioviana Cogn. in Martius et al. (1886: 86). Type:—BRAZIL. Rio de Janeiro: A.F.M. 
Glaziou 7616 (holotype K image!, isotypes P, R!). (Figs. 36, 37, 38, 39) 
Leandra melastomoides var. longifolia Cogn. in Martius et al. (1888: 85). Lectotype (designated here):—BRAZIL. 
Rio de Janeiro: Nova Friburgo, 4 April 1882, A.F.M. Glaziou 13849 (BR image!, isolectotypes BR image!, R!, 
S image!). Additional syntypes: BRAZIL. Rio de Janeiro: C. Gaudichaud-Beaupré 733 (not located), C. 
Gaudichaud-Beaupré 734 (not located); M. Vauthier 114 (not located); G. Burchell 931 (not located); L. Riedel 
1932 (not located); L. Riedel 673 (not located). Minas Gerais: A. Saint-Hilaire 63 (not located).  
Leandra scabra var. luederwaldtii Hoehne (1922: 107). Type:—BRAZIL.  Santa Catarina: Hammonia, H. 
Luederwaldt s.n. (holotype SP!).  
Leandra pubistyla Wurdack (1970: 374). Leandra melastomoides var. paulina Cogn. in Martius et al. (1888: 85). 
Lectotype (designated here):—BRAZIL: F. Sellow s.n. (US!). Additional syntype: BRAZIL: L. Riedel 1791 
(not located).  
 
Shrubs, 0.5–2 m tall. Branches, petioles, leaves, inflorescences, bracts, bracteoles and hypanthia, covered 
by unbranched trichomes (1.5–4 mm), these sparser on leaf adaxial surfaces and denser on branches, main 
nerves on leaf abaxial surface, petioles, inflorescences and hypanthia, sometimes the trichomes on the 
branches are appressed. Leaves isophyllous or slightly anisophyllous in each pair (up to 7:11 ratio); 
petioles (0.2)0.5–1(1.5) cm long; blades (7)9–15 × (1.5)2.5–5.5 cm, lanceolate or elliptic-lanceolate, apex 
acuminate or shortly acuminate, base cuneate, margin entire or crenulate, ciliate (0.8–1.2 mm), 
chartaceous; 3 main nerves, plus (0)–1 additional pair of faint veins, plinerved, distant (6)9–15(20) mm 
above the base, main nerves slightly printed, transversal slightly conspicuous on adaxial surface and main 
nerves prominent, transversal flat on abaxial, reticulation slightly conspicuous. Inflorescences terminal, 
1(3) per node, (3)6–10 cm long, (1)3–4 pairs of opposite paraclades, accessory branches absent, usually 
more then 20, seldom less flowers per inflorescence, these in glomerules; bracteoles 7–12 × 5–9 mm, 
lanceolate, elliptic, ovate or obovate, sparsely covered by simple trichomes, most of the time glabrous 
towards the margin with the trichomes restricted to the medium region, persistent. Flowers 6-merous, 
sessile. Hypanthium 4–6.5 × 2.5–4 mm, tubular, torus indumentum absent. Calyx tube 0.2–0.4 mm long; 
inner lobes 1.5–3 × 0.9–2 mm, deltoid or triangular; external teeth 2–5.3 mm long. Petals white, 4–7 × 
1.2–2.2 mm, linear or lanceolate, apex acuminate, glabrous or with an apical glandular trichome (ca. 0.3), 
spreading at anthesis. Stamens 12, opposite to the style; filaments geniculation present, the larger 5–6.5 
mm long, the smaller 4.5–5 mm long; anthers pink, the larger 5.5–7.5 mm long, the smaller 4.8–5.5 mm 
long, linear-subulate, dorsally curved, pore 0.10–0.14 mm wide, connectives dorsally produced below the 
anthers 0.7–1.2 mm, appendage present, a basal-dorsal cauda. Ovary 4-celled,  2.5–3 × 0.8–1.2 mm, ca. 
30 % inferior, apex densely covered by unbranched trichomes (ca. 1 mm). Style 9–11 mm long, sigmoid, 
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stigma 0.15 mm diam. Berries black, 10–13 × 7.5–9 mm. Seeds 1–1.3 × 0.6–0.8 mm, long-pyramidal, 
hilum covering 9/10 of the seed length, anticlinal cell walls flat. 
Notes:—Leandra glazioviana is morphologically similar to the highly variable L. melastomoides (see 
notes of this species) and is differentiated mainly by the larger flowers and fruits. Additionally, the larger 
trichomes, smaller petioles and the conspicuous caudate appendage on the larger anthers usually also help 
distinguish it from L. melastomoides, but there are some individuals of the latter species that have these 
features inside the range found in L. glazioviana.  
 
Selected specimens examined:—BRAZIL. Espírito Santo: Castelo, Fraga 1953 (RB); Santa Maria de 
Jetibá, Kollmann 5817 (UPCB); Santa Teresa, Vervloet 1970 (RB). Minas Gerais: Viçosa, Mexia 4573 
(NY). Paraná: Adrianópolis, Silva 6179 (MBM); Bocaiúva do Sul, Hatschbach 61400 (MBM); Campina 
Grande do Sul, Hatschbach 20956 (MBM); Cerro Azul, Hatschbach 25591 (MBM); Guaraqueçaba, 
Kuniyoshi 4740 (MBM); Jaguariaíva, Linsingen 144 (MBM); Tunas do Paraná, Goldenberg 740 (MBM). 
Santa Catarina: Blumenau, Sobral 2501 (MBM); Ibirama, Reitz 3122 (NY). São Paulo: Apiaí, Puiggari 
3689 (SP); Bananal, Brade 15245 (NY); Cunha, Franco 1251 (SP); Eldorado, Rodrigues 215 (SP); 
Ibiúna, Toledo 348 (SP); Iporanga, Proença 121 (SP); Juquitiba, Simão-Bianchini 649 (SP); Miracatu, 
Motta 1661 (MBM); Paranapiacaba, Kirizawa 172 (SP); São Paulo, Reginato 1320 (NY). 
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Figure 36. Distribution of Leandra glazioviana. 
 
Figure 37. Leandra glazioviana. A. Habit. B. Branch with inflorescence. C. Detail of the inflorescences. D. Flowers. 
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Figure 38. Leandra glazioviana. A. Detail of the leaf on adaxial view. B. Branch with inflorescence. C. Detail of the shoot. 
D. Leaf on abaxial view. E. Inflorescence. F. Detail of the leaf base.  
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Figure 39. Leandra glazioviana (flower). A-B. Flower. C. Hypanthium longitudinal section. D. Bracteole. E. Petal. F. Style. 
G. Detail of ovary apex. H. Anther apex. I. Hypanthium cross section. J. Detail of the calyx. K. Hypanthium. L. Anthers. 
M. Stamens. Scales: A-F = 1 mm; G-J = 0.25 mm.  
 
Taxonomic revision of Leandra sect. Leandra     177 
 
 
 
8. Leandra hirta Raddi (1820: 387). Type:—BRAZIL. Rio de Janeiro: Mandiocca, G. Raddi s.n. 
(holotype PI!, isotypes FI!, PI!). (Figs. 40, 41, 42, 43) 
Leandra dubia Candolle (1828: 154). Type:—BRAZIL. Rio de Janeiro: “inter Rio de Janeiro et Lorena et in Serra 
dos Orgãos”, C.F.P. von Martius s.n. (holotype M!, isotypes B, destroyed, G image!). 
Leandra sylvestris Candolle (1828: 154). Type:—BRAZIL. Minas Gerais, C.F.P. von Martius s.n. (holotype M!, 
isotype G image!). 
Leandra bergiana Cogn. in Martius et al. (1888: 89). Lectotype (designated here):—BRAZIL. F. Sellow s.n. (BR 
image!, isolectotype P). Additional syntypes: BRAZIL: F. Sellow 1114 (not located); F. Sellow 1680 (not 
located).  
Leandra hirta var. angustifolia Cogn. in Martius et al. (1888: 92). Type:—BRAZIL. Rio de Janeiro: 1841, A.F. 
Regnell 66 (holotype S image!).  
Leandra hirta var. decumbens Cogn. in Martius et al. (1888: 92). Lectotype (designated here):—BRAZIL. Rio de 
Janeiro: L. Riedel s.n. (BR image!, isolectotype P). Additional syntypes: BRAZIL. Rio de Janeiro: C. 
Gaudichaud-Beupré 379 (not located).  
Leandra bergiana var. hirsutior Cogn. in Martius et al. (1888: 90). Type:—BRAZIL. Rio de Janeiro: Serra dos 
Órgãos, L. Riedel 1849, (holotype BR image!).   
Leandra hirta var. parvifolia  Cogn. in Candolle & Candolle (1891: 624). Type:—BRAZIL. Rio de Janeiro: A.F.M. 
Glaziou 16859 (holotype BR image!, isotypes BR image!, G image!, MO image!, NY!, P). 
 
Shrubs, 1–2 m tall. Branches, petioles, leaves, inflorescences, bracts, bracteoles and hypanthia, sparsely to 
moderately covered by unbranched trichomes (0.5–2 mm), these usually sparser on leaf adaxial surfaces 
and denser on branches, main nerves on leaf abaxial surface, petioles, inflorescences and hypanthia, 
glandular trichomes (1–2 mm) mixed on the inflorescences and hypantia or absent, sometimes leaf 
surfaces and branches glabrous. Leaves isophyllous or slightly anisophyllous in each pair (up to 4:7 
ratio); petioles (0.5)1–2 cm long; blades (4.5)6–10(12) × (1.2)2–3.5(5) cm, lanceolate, seldom elliptic-
lanceolate, apex acuminate, base cuneate, seldom acute, obtuse or decurrent, margin entire or crenulate, 
ciliate (0.8–1.2 mm), membranaceous; 3–5 main nerves, plus 0–1 additional pair of faint veins, plinerved, 
distant (2)5–20 mm above the base, main nerves flat, transversal not conspicuous on adaxial surface and 
main nerves prominent, transversal flat on abaxial, reticulation conspicuous or not. Inflorescences 
terminal, 1(3) per node, (4)5–8(10) cm long, 3–4 pairs of opposite paraclades, accessory branches absent, 
> 10 flowers, frequently > 30 flowers per inflorescence, these in glomerules; bracteoles 3–6 × 1.5–2.5 
mm, lanceolate, uniformly covered by simple trichomes, caducous. Flowers 5-merous, sessile. 
Hypanthium 3–3.5 × 1.8–2.2 mm, tubular, torus indumentum absent. Calyx tube 0.2–0.3 mm long; inner 
lobes 1–2 × 0.6–0.9 mm, triangular; external teeth 0.8–1.5 mm long. Petals white, 2.5–4 × 0.8–1 mm, 
linear or lanceolate, apex acuminate, glabrous, spreading at anthesis. Stamens 10(11), opposite to the 
style; filaments geniculation present, the larger 3–4 mm long, the smaller 2.5–3.5 mm long; anthers white, 
the larger 2.7–4 mm long, the smaller 2.4–3.5 mm long, linear-subulate, dorsally curved to straight, pore 
0.12–0.14 mm wide, connectives dorsally produced below the anthers 0–0.5 mm, appendage absent or 
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present, in the larger anthers as a basal-dorsal bifurcation in the connective in the smaller not bifurcated. 
Ovary 3-celled,  2.2–2.6 × 1.1–1.5 mm, 20–30 % inferior, apex glabrous or sparsely covered by glandular 
trichomes (0.5 mm). Style 7–10 mm long, sigmoid, stigma ca. 0.2 mm diam. Berries purple or black, 5–
8.5 × 3–6.5 mm. Seeds 0.7–0.9 × 0.5–0.6 mm, long-pyramidal, hilum covering 9/10 of the seed length, 
anticlinal cell walls flat or slightly convex. 
Notes:—Among the species with caducous bracteoles, L. hirta is differentiated from L. santos-limae by 
the narrower lanceolate leaves and longer lanceolate bracteoles, from L. aspera by the plinerved leaves, 
and from L. therezopolitana by the predominantly 5-merous flowers and white anthers. Herein, L. dubia, 
L. sylvestris and L. bergiana are considered synonyms of L. hirta. In general, among the collections 
examined, the name L. dubia was seldom applied; L. bergiana was applied to identify the plants bearing 
glandular trichomes on the inflorescences and hypanthia (most specimens); L. hirta for the specimens 
without glandular trichomes, mostly with leaves conspicuously plinerved and from Rio de Janeiro state; 
and L. sylvestris for the few remaining specimens. In some regions the presence of glandular trichomes 
appears to to be constant (like in southern Brazil), in other regions this character is more plastic (see Fig. 
40). Additionally, in some cases the glands are caducous, which might contribute to the misidentification 
of some specimens. Finally, the type specimen of L. hirta has some very sparse glandular trichomes on 
the inflorescences. This represents another case where further molecular and morphological studies are 
necessary for a better understanding of these taxa, and to test whether or not treating it as single species is 
an underestimation of the diversity.  
 
Selected specimens examined:—BRAZIL. Bahia: Arataca, Reginato 1282 (RB); Camacan, Borges 642 
(RB); Una, Thomas 11380 (NY). Espírito Santo: Cachoeiro de Itapemirim, Souza 145 (UPCB); Cariacica, 
Goldenberg 1099 (RB); Ibitirama, Colletta 413 (RB); Itaguaçu, Brade 18179 (RB); Iúna, Hatschbach 
31341 (MBM); Santa Maria de Jetibá, Kollmann 5908 (UPCB); Santa Teresa, Kollmann 5908 (RB); 
Venda Nova do Imigrante, Hatschbach 52740 (MBM). Minas Gerais: Belmiro Braga, Forzza 2995 (RB); 
Carandaí, Mota 246 (UPCB); Caratinga, Lombardi 3674 (UPCB); Descoberto, Castro 65 (UPCB); Faria 
Lemos, Leoni 6102 (UPCB); Juiz de Fora, Machado 73 (UPCB); Monte Belo, Vieira 15 (RB); São Roque 
de Minas, Caddah 443 (UPCB); Tombos, Oliveira 519 (UPCB); Viçosa, Mexia 4518 (NY). Paraná: 
Adrianópolis, Ribas 3001 (MBM); Antonina, Hatschbach 34305 (MBM); Guaraqueçaba, Hatschbach 
18504 (MBM); Guaratuba, Hatschbach 23370 (MBM); Jundiaí do Sul, Carneiro 276 (MBM); Londrina, 
Yoshimoto 1 (UPCB); Morretes, Jonsson 560 (NY); Rolândia, Tessmann 54 (RB). Rio de Janeiro: 
Guapimirim, Sylvestre 659 (RB); Itatiaia, Santos Filho 75 (RB); Jacarepaguá, Fraga 1099 (RB); 
Petrópolis, Martinelli 3071 (RB); Rio de Janeiro, Vianna 637 (R); Santa Maria Madalena, Reginato 1226 
(UPCB); Teresópolis, Brade 12068 (RB). Santa Catarina: Blumenau, Verdi 5130 (MBM); Brusque, Smith 
5658 (NY); Ibirama, Reitz 2584 (NY); Sombrio, Reitz 9417 (NY). São Paulo: Campinas, Moraes 2124 
(RB); Guarulhos, Pastore 1561 (UPCB); Itararé, Barros 2984 (SP); Mairiporã, Arzolla 872 (UPCB); 
Pindamonhangaba, Cordeiro 1350 (RB); São Paulo, Reginato 1316 (NY). 
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Figure 40. Distribution of Leandra hirta. Circles specimens with glandular trichomes, triangles glandular trichomes 
absent. 
 
Figure 41. Leandra hirta. A. Habit. B. Branch with inflorescence. C. Flower. D. Infrutescence. 
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Figure 42. Leandra hirta. A. Detail of the leaf base. B. Branch with inflorescence. C. Detail of the leaf on adaxial view. D. 
Detail of the shoot. E. Leaf on abaxial view. F. Inflorescence. G. Leaf on abaxial view.   
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Figure 43. Leandra hirta (flower). A. Flower. B. Hypanthium longitudinal section. C. Flower bud. D. Style. E. 
Hypanthium cross section. F. Detail of anther apex. G. Petal. H. Bracteole. I. Stamens. J. Anthers. K. Detail of ovary apex. 
Scales: A-D, G-J = 1 mm; E-F, K = 0.25 mm.  
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9. Leandra lapae Souza & Baumgratz (2005: 419). Type:—BRAZIL. São Paulo: São Paulo, Parelheiros, 
Jardim Novo Parelheiros, sítio do Sr. José Guilguer Reimberg, à direita na Estrada Eng. Marsilac, após o 
entroncamento com a Estrada da Colônia, 15 February 1995, S.A.P. Godoy et al. 389  (holotype SP!, 
isotypes HRCB, SPF!, UEC). (Figs. 44, 45, 46, 47) 
 
Shrubs, ca. 0.5 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles densely covered by 
unbranched glandular trichomes (1–3 mm) mixed with glandular trichomes (1–2.5 mm), these sparser on 
the old branches and leaf surfaces, and denser on young branches, petioles, inflorescences and hypanthia. 
Leaves isophyllous; petioles 1.5–2.5 cm long; blades 4–8.5 × 2.5–5 cm, ovate, apex shortly acuminate, 
base rounded, margin crenulate, ciliate (0.5–1.5 mm), chartaceous; 5 main nerves, plus 1 additional pair 
of faint veins, plinerved, distant 3–8 mm above the base, nerves slightly conspicuous on adaxial surface 
and main and transversal nerves prominent on abaxial, reticulation slightly conspicuous. Inflorescences 
terminal, 1–3 per node, 6.5 cm long, 2 pairs of opposite paraclades, accessory branches absent, > 20 
flowers per inflorescence, these in glomerules; bracteoles 3.8–4.4 × 1.5 mm, oblong to elliptic-oblong, 
uniformly covered by sparse glandular trichomes, persistent. Flowers 6-merous, sessile. Hypanthium 3.3 
× 2.2 mm, campanulate, torus indumentum present, formed by sparse small unbranched glandular 
trichomes (0.15 mm). Calyx tube 0.2 mm long; inner lobes 0.8 × 0.5 mm, ovate to triangular; external 
teeth ca. 1.5 mm long. Petals white, 3–4 × 0.9–1 mm, lanceolate, apex acuminate, glabrous, spreading at 
anthesis. Stamens 12, opposite to the style; filaments geniculation present, the larger 4 mm long, the 
smaller 3.4 mm long; anthers pink, the larger 3 mm long, the smaller 2.5 mm long, linear-subulate, 
dorsally curved, pore 0.15 mm wide, connectives dorsally not produced below the anthers, appendage 
absent. Ovary 4-celled,  2.2 × 1.6 mm, 40 % inferior, apex densely covered by unbranched trichomes (ca. 
1 mm). Style 9 mm long, sigmoid, stigma 0.3 mm diam. Fruits and seeds not seen. 
Notes:—Leandra lapae is one of the two species of sect. Leandra with glandular trichomes throughout 
the plant (the other is L. umbellata). The two species can be separated by floral differences, with L. lapae 
possessing smaller flowers and conspicuous unnapendaged anthers. This species is puzzling, because it 
strongly resembles L. umbellata vegetatively, while the flowers are very similar to those found in L. 
sericea, from which is differentiated by the indumentum. Whether L. lapae should be recognized as a 
species as done herein or alternatively included as merely a variant of L. sericea requires greater 
population sampling to examine variation. A scenario involving hybridization/introgression should be 
further evaluated as well. 
Specimens examined:—BRAZIL. Rio de Janeiro: Parati, Baumgratz 1050 (RB, SPF). São Paulo: São 
Paulo, Reginato 1468 (UPCB). 
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Figure 44. Distribution of Leandra lapae.  
 
Figure 45. Leandra lapae. A. Habit. B. Leaf on abaxial view. C-D. Branch with inflorescences. 
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Figure 46. Leandra lapae. A. Detail of the leaf on adaxial view. B. Branch with inflorescence. C. Detail of the leaf base. D. 
Detail of the shoot. E. Leaf on adaxial view. F. Inflorescence.  
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Figure 47. Leandra lapae (flower). A. Flower. B. Hypanthium. C. Bracteole. D. Hypanthium cross section. E. Style. F. 
Detail of ovary apex. G. Hypanthium longitudinal section. H. Stamens. I. Anthers. J. Petals. K. Detail of the calyx. Scales: 
A-D, E, G-H = 1 mm; F, I, J, K = 0.25 mm.  
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10. Leandra loligomorpha (R.Goldenb. & Reginato) Reginato, comb. nov. (Figs. 48, 49, 50, 51) 
Basionym: Ossaea loligomorpha Goldenberg & Reginato (2009: 298). Type:—BRAZIL. Bahia: 
Itamaraju, Serra de Itamaraju, Morro Pescoço, 11 February 2007, A.M. Amorim et al. 6877 (holotype 
CEPEC!, isotypes NY!, SPF!, UPCB!). 
 
Treelets, ca. 3 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by 
appressed, unbranched trichomes (0.5–2 mm), these sparser on the old branches and leaf surfaces. Leaves 
isophyllous or slightly anisophyllous in each pair (8:10); petioles 0.6–3.2 cm long; blades 4.5–11.5 × 1.5–
3.5 cm, elliptic-lanceolate or oblong-lanceolate, apex acuminate, base acute to slightly obtuse, margin 
crenulate, ciliate (0.3–1.5 mm), subchartaceous; 3 main nerves, plus 1 additional pair of faint veins, 
plinerved, distant 1–6.5 mm above the base, main nerves slightly printed, transversal not conspicuous on 
adaxial surface and main nerves prominent, transversal flat on abaxial, reticulation slightly conspicuous. 
Inflorescences axillary, seldom with an additional terminal one, 1–2 per node, 1.5–3 cm long, 0–1 pairs of 
opposite paraclades, accessory branches absent, 1–5 flowers per inflorescence, these on solitary or on a 
lax triad; bracteoles 1.4–1.7 × 1 mm, lanceolate, indumented uniformly, persistent. Flowers (4)5(6)-
merous, sessile. Hypanthium 4–5 × 1.2–1.6 mm, narrowly tubular, torus indumentum present or absent, 
formed by sparse small unbranched glandular trichomes (0.5 mm). Calyx tube 0.2–0.3 mm long; inner 
lobes 0.8–1.2 × ca. 0.5 mm, deltoid to triangular; external teeth (6)7–10 mm long. Petals color unknown, 
3.4–4 × 0.7–0.9 mm, linear to lanceolate, apex acute, glabrous, reflexed at anthesis. Stamens 10, 
surrounding the style; filaments geniculation present, the larger 2.5–3 mm long, the smaller 2.2–2.8 mm 
long; anthers white, the larger 3–4.2 mm long, the smaller 3–3.7 mm long, linear-subulate, dorsally 
curved, pore ca. 0.12 mm wide, connectives dorsally produced below the anthers 0–0.2 mm, appendage 
absent. Ovary 3-celled,  2–2.4 × 0.5–0.7 mm, 50–70 % inferior, apex sparsely covered by unbranched 
trichomes (0.5 mm). Style 8–10 mm long, straight, stigma 0.2 mm diam. Berries dark purple, 12 × 6 mm. 
Seeds 0.75 × 0.5 mm, long-pyramidal, hilum covering 8/10 of the seed length, anticlinal cell walls flat or 
slightly convex. 
Notes:—Leandra loligomorpha is only known from a single locality. It shares similar indumentum and 
leaves with L. angustifolia, and is distinguished from it by the longer external calyx teeth and the style 
surrounded by the stamens at anthesis. No other species of sect. Leandra presents the striking long 
external calyx teeth and the typical elongated fruits found in L. loligomorpha.   
 
Specimens examined:—BRAZIL. Bahia: Itamaraju, Goldenberg 1717 (NY, UPCB).  
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Figure 48. Distribution of Leandra loligomorpha. 
 
Figure 49. Leandra loligomorpha. A. Habit. C-D. Detail of the inflorescences. D. Fruit. Photos by F.A. Michelangeli. 
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Figure 50. Leandra loligomorpha. A. Branch with inflorescences. B. Inflorescence. C. Detail of the leaf base. D. Detail of 
the leaf on adaxial view. E. Detail of the shoot. F. Leaf on abaxial view. 
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Figure 51. Leandra loligomorpha (flower). A. Flower. B. Hypanthium (up view). C. Detail of anther base. D. Petal. E. 
Style. F. Hypanthium cross section. G. Bracteole. H. Hypanthium. I. Stamens. J. Detail of anther apex. K. Detail of the 
ovary apex. L. Hypanthium longitudinal section. Scales: A-B, D-E, H, I, L = 1 mm; C, F-G, J-K = 0.25 mm.  
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11. Leandra melastomoides Raddi (1820: 386). Leandra involucrata Raddi (1829: 145). nom. superfl. 
Type:—BRAZIL. Rio de Janeiro: “Boschi di Mandiocca e del Corcovado", G. Raddi s.n. (holotype PI!, 
isotypes FI!, G, PI!). (Figs. 52, 53, 54, 55, 56, 57) 
Leandra scabra Candolle (1828: 154). Lectotype (designated here):—BRAZIL. Minas Gerais: C.F.P von Martius 
s.n. (M!, isolectotype G image!). Additional syntype: BRAZIL: Martii Herbarium Florae 4 (GH!, M!, MO, 
NY!, P).  
Leandra villosa Candolle (1828: 154). Type:—BRAZIL. Rio de Janeiro: C. Gaudichaud-Beaupré 734 (holotype P, 
isotype G image!). 
Melastoma holosericea Vellozo (1829: 171). , Fl. Flum. Ic. 4: tab 118, 171. 1829. Lectotype (designated here):—
BRAZIL. Rio de Janeiro: illustrated in tab. 118. 
Leandra asperifolia Chamisso (1835: 33). Type:—BRAZIL: F. Sellow s.n. (not located). 
Leandra fragilis Cogn. in Martius et al. (1888: 88). Lectotype (designated here):—BRAZIL. Santa Catarina: L.A. 
von Chamissoo s.n., (P image!). Additional syntype: BRAZIL: C. Gaudichaud-Beupré 24 (not located).  
Leandra melastomoides var. major Cogn. in Martius et al. (1888: 607). Type:—BRAZIL.  Rio de Janeiro: Serra dos 
Órgãos, P. Schwacke 4389 (holotype BR image!, isotype RB). 
 
Shrubs or treelets, 0.5–4(5) m tall. Branches, petioles, leaves, inflorescences and bracteoles covered by 
appressed, unbranched trichomes (0.4–2 mm), these sparser leaf blade surfaces, denser on branches, 
inflorescences and hypanthia, seldom unbranched glandular trichomes (ca. 1 mm) mixed on the 
hypanthia. Leaves slightly anisophyllous in each pair (8:10 ratio); petioles 0.2–3 cm long; blades 4–25 × 
1.5–8 cm, lanceolate to elliptic, apex acute to slightly acuminate, base obtuse or cuneate, margin crenulate 
or entire, ciliate (0.7–1.5 mm), chartaceous; 3 main nerves, plus 2 additional pair of faint veins, basally 
nerved or plinerved, distant 0–35 mm above the base, nerves slightly conspicuous on adaxial surface and 
main nerves prominent, transversal flat on abaxial, reticulation conspicuous or not. Inflorescences 
terminal, 1–3(5) per node, (1.5)4–12.5 cm long, 2–4 pairs of opposite paraclades, accessory branches 
absent or seldom present, > (10)20 flowers per inflorescence, these in glomerules; bracteoles 3–11 × 2–5 
mm, ovate, elliptic, oblong or obovate, seldom lanceolate, glabrous, glabrous towards the margins, or 
covered by unbranched trichomes in the whole surface, persistent. Flowers (5-)6-merous, sessile. 
Hypanthium 3.7–5 × 2.4–3 mm, tubular or slightly campanulate, torus indumentum absent. Calyx tube 
0.4–0.5 mm long; inner lobes 1.5–2.7 × 0.6–1.5 mm, triangular; external teeth 2–3 mm long. Petals white, 
4–6.5 × 1–1.5 mm, linear or lanceolate, apex acute to acuminate, glabrous or seldom with an apical 
glandular trichome (ca. 0.5), spreading or reflexed at anthesis. Stamens (10-)12, opposite to the style; 
filaments geniculation present, the larger 5–7 mm long, the smaller 4–5.5 mm long; anthers pink, the 
larger 3.4–4.5 mm long, the smaller 2.7–3.5 mm long, linear-subulate, dorsally curved or straight, pore 
0.10–0.15 mm wide, connectives dorsally produced below the anthers 0.3–0.8 mm, appendage absent or 
present, in the larger anthers as a basal-dorsal bifurcation. Ovary (3-)4-celled,  2.5–3.5 × 1.2–2 mm, 30–
40 % inferior, apex covered by unbranched trichomes (0.6–1 mm). Style 10–13 mm long, sigmoid, stigma 
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0.2–0.3 mm diam. Berries dark purple or black, 5–10 × 4–6 mm. Seeds 0.8–1 × 0.4–0.6 mm, long-
pyramidal, hilum covering 9/10 of the seed length, anticlinal cell walls flat. 
Notes:—Leandra melastomoides is the most widespread and morphologically variable species recognized 
in this treatment. Among the species with persistent bracteoles and up to 5 main nerves may be 
distinguished from L. amplexicaulis by the non-amplexicaulous leaf base and from L. glazioviana by the 
smaller flower structures and fruits (see notes of that species). Wurdack (1970) noticed that Candolle 
(1828) described L. scabra with doubt regarding whether it would be a potential synonym of L. 
melastomoides, and concluded that L. scabra should be treated as such. Cogniaux (1888) used the number 
of petals to distinguish L. fragilis (5-merous) from L. scabra (6-merous). That author also mentioned in 
his key that L. fragilis has bracts with trichomes restricted to the area along the midvein (i.e., glabrous 
towards the margin), but he did not mention this character for L. scabra. Leandra fragilis has been 
recognized in recent local floras (Wurdack 1962, Camargo & Goldenberg 2007, Baumgratz & Souza 
2011), where it was exclusively differentiated from L. melastomoides by the bracts glabrous towards the 
margin (the number of petals was suggested to be variable). Nonetheless, all authors highlighted the 
similarities to L. melastomoides, with a more incisive suggestion made by Wurdack (1962), where he 
stated that L. fragilis should be treated as a less pubescent variety of L. scabra (he later suggested L. 
scabra as synonym of L. melastomoides, Wurdack 1970). In summary, if it does appear that the types of 
L. melastomoides, L. scabra and L. fragilis might belong to distinct taxa, but it also appears that they 
would be difficult to diagnose.  
 In an attempt to understand the status and possible differences among L. melastomoides, L. 
scabra and L. fragilis, I further explored the morphological variability of leaves, bracts and inflorescences 
in the complex. The specimens were a priori divided in four morphotypes, defined as follows: (1) 
"melastomoides" - specimens with bract pubescence on the whole surface, mainly from Rio de Janeiro 
and Espírito Santo; (2) "minifolia" - specimens with small leaves, with a very faint external most nerve, 
mainly from Santa Maria Madalena region (Rio de Janeiro); (3) "seminervia" - specimens with basally 
nerved or slightly plinerved leaves, from southern Bahia; (4) "scabra" - specimens with bracts glabrous 
towards the margin (or totally glabrous), from several regions. The last morphotype includes both L. 
scabra and L. fragilis types, since in the specimens annotated by A. Cogniaux as L. scabra, the bracts are 
glabrous towards the margin. Although, overall is possible to code the bracts regarding the pubescence, in 
several instances this task becomes highly arbitrary, and for these cases geographical distribution was 
taken into account.  
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 The measurements taken for the morphotypes are depicted as box plots in Fig. 53 and were 
summarized in the PCA (Fig. 52-B). The geographical distribution of the specimens measured is 
presented in Fig. 52-A, color coded by morphotype (same coding in the morphospace). Overall, the 
"scabra" morphotype present larger leaves, higher leaf length to width ratio (more lanceolate), secondary 
nerves diverging farther up the leaf,  and larger inflorescences. The "melastomoides" morphotype is 
mainly characterized by larger leaf width, smaller leaf ratio (more elliptic), and longer bracts. The 
"seminervia" morphotype is distinguished by the basally nerved to slightly plinerved leaves, especially 
when the plinervy ratio is taken into account (i.e. plinervy / leaf length), while the "minifolia" presents 
small leaves. The first two principal components explained 60 % of the variation. The morphospace 
present some structure regarding the a priori groups, although overlapping, with the "minifolia" and 
"seminervia" morphotypes more isolated from the others. Nonetheless, under a taxonomic perspective, 
any of the morphological characters measured here can undoubtedly identify the recognized morphotypes. 
For instance, the "scabra" morphotype includes the leaf size range of "minifolia", and there are several 
"scabra" morphotypes in southern Bahia sympatric to "seminervia" (not included in the analysis). It is not 
clear whether those sympatric specimens would be closely related, which would increase the plasticity of 
plinervy in "seminervia", making it less diagnosable. 
 Although, just L. melastomoides is recognized as a species here, it seems that there is some 
structured diversity inside this taxon, even with potential additional morphotypes not included in the 
analysis due to very small sampling (i.e., a glabrous form from one locality in Minas Gerais). A 
populational genetic study is very desirable to test whether or not L. melastomoides and/or these 
morphotypes constitute natural groups. Such a study would also help to better establish its 
circumscription in relation to the two close relatives L. amplexicaulis and L. glazioviana. It is noteworthy 
that some specimens treated here as L. melastomoides overall look more similar to these two species than 
to some conspecifics of a different morphotype. 
Selected specimens examined:—BRAZIL. Bahia: Abaíra, Harley 50863 (CEPEC); Almadina, Borges 429 
(UPCB); Amargosa, Cardoso 1502 (CEPEC); Arataca, Thomas 14553 (CEPEC); Barra do Choça, Mori 9408 
(CEPEC); Barro Preto, Thomas 14317 (NY); Camacan, Thomas 13767 (NY); Eunápolis, Almeida 75 (RB); Ilhéus, 
Silva 1554 (RB); Itamaraju, Borges 791 (CEPEC); Porto Seguro, Santos 869 (CEPEC); Rio de Contas, Harley 
24529 (SPF); Una, Silva 90 (CEPEC); Uruçuca, Mori 11769 (NY); Wenceslau Guimarães, Thomas 9355 (CEPEC). 
Distrito Federal: Brasília, Sevilha 1750 (SP). Espírito Santo: Alfredo Chaves, Hatschbach 61421 (CEPEC); 
Cariacica, Kollmann 10659 (RB); Castelo, Amorim 7829 (RB); Domingos Martins, Peixoto 431 (RB); Ibitirama, 
Colletta 410 (RB); Santa Leopoldina, Fontana 3026 (RB); Santa Maria de Jetibá, Goldenberg 1025 (NY); Santa 
Teresa, Reginato 1205 (NY); São Roque do Canaã, Reginato 1188 (UPCB); Vargem Alta, Sakuragui 873 (UPCB); 
Viana, Goldenberg 1232 (NY); Vitória, Santos 974 (CEPEC). Goiás: Corumbá de Goiás, Irwin 34289 (NY). Minas 
Gerais: Alpinópolis, Goldenberg 462 (MBM); Alto Caparaó, Souza 111 (RB); Antônio Carlos, Krieger 1272 (RB); 
Araponga, Silva 2269 (UPCB); Barão de Cocais, Kollmann 6025 (UPCB); Barroso, Assis 13 (MBM); Belo 
Horizonte, Barreto 6722 (NY); Brumadinho, Martens 530 (NY); Caldas, Regnell 28 (M); Carandaí, Duarte 628 
(RB); Carangola, Mexia 4267 (NY); Catas Altas, Mello-Silva 2541 (NY); Conceição, Barreto 10807 (UPCB); 
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Congonhas do Norte, Riina 1327 (NY); Cruzília, Andrade 10732 (MBM); Delfinópolis, Pacheco 565 (MBM); 
Diamantina, Romariz 103 (RB); Felício dos Santos, Viana 3688 (UPCB); Fervedouro, Leoni 5025 (NY); Gouveia, 
Mello-Silva 2446 (SPF); Jaboticatubas, Semir 4353 (NY); Lima Duarte, Valente 70 (UPCB); Monte Belo, Vieira 
133 (RB); Nova Lima, Williams 6184 (NY); Ouro Branco, Schembri 12907 (MBM); Ouro Preto, Reginato 1164 
(NY); Patrocínio, Pereira Neto 219 (SP); Perdizes, Mendes 814 (MBM); Poços de Caldas, Santos 5903 (R); Rio 
Preto, Matozinhos 303 (UPCB); Santa Bárbara, Pirani 720 (SPF); Santa Luzia, Barreto 8958 (UPCB); Santa Maria 
do Salto, Lombardi 5871 (UPCB); Santana do Riacho, Muniz 7873 (SP); Santo Antônio do Itambé, Anderson 35719 
(NY); São Gonçalo do Rio Preto, Foresto 264 (SPF); São Roque de Minas, Romero 2305 (NY); Tiradentes, Rutter 
144 (R). Paraná: Adrianópolis, Ribas 3037 (MBM); Antonina, Reginato 684 (MBM); Campo Largo, Hatschbach 
3216 (MBM); Guaraqueçaba, Ziller 118 (MBM); Guaratuba, Reginato 1239 (NY); Jaguariaíva, Uhlmann 116 
(MBM); Londrina, Silva 205 (MBM); Matinhos, Straube 38 (MBM); Morretes, Hatschbach 766 (RB); Paranaguá, 
Ziller 629 (MBM); São José dos Pinhais, Motta 270 (MBM); Sengés, Souza 26 (MBM); Tibagi, Silva 1844 (RB); 
Tunas do Paraná, Camargo 102 (UPCB); Ventania, Estevan 198 (SPF). Rio de Janeiro: Itatiaia, Lanstyak 175 (NY); 
Macaé, Farney 250 (RB); Magé, Vidal 5445 (R); Nova Friburgo, Ule 4559 (R); Nova Iguaçu, Fromm 1277 (R); 
Parati, Ribeiro 1 (CEPEC); Petrópolis, Wawra 424 (NY); Porciúncula, Ribeiro 65 (CAS); Resende, Martinelli 
10775 (RB); Rio de Janeiro, Sucre 1718 (NY); Santa Maria Madalena, Reginato 1210 (UPCB); Silva Jardim, 
Calvente 126 (NY); Teresópolis, Vidal 32 (R). Santa Catarina: Águas Mornas, Krapovickas 44750 (MBM); 
Blumenau, Verdi 5103 (MBM); Brusque, Klein 36 (RB); Florianópolis, Klein 7125 (MBM); Garuva, Cervi 8804 
(MBM); Ibirama, Gevieski 24 (M); Ilhota, Reginato 1454 (UPCB); Itajaí, Landrum 2483 (MBM); Jaraguá do Sul, 
Melo Jr. 689 (MBM); Palhoça, Reitz 2462 (MBM); Rio do Campo, Sobral 8386 (MBM); São Bento do Sul, Meyer 
571 (UPCB); São Francisco do Sul, Vieira 663 (UPCB); São Pedro de Alcântara, Falkenberg 6071 (MBM). São 
Paulo: Apiaí, França 2548 (RB); Campos do Jordão, Porto 3172 (NY); Cananéia, Toledo 47 (NY); Caraguatatuba, 
Cordeiro 2376 (NY); Cunha, Baitello 493 (SPF); Guarulhos, Arzolla 1142 (MBM); Ibiúna, Toledo 351 (NY); 
Iguape, Brade 8175 (GH); Iporanga, Souza 5968 (SPF); Itaberá, Chiea 679 (NY); Itararé, Dusén 9641 (GH); 
Jundiaí, Goldenberg 767 (MBM); Miracatu, Pirani 3087 (SPF); Paranapiacaba, Pereira 5931 (RB); Parelheiros, 
Godoy 364 (RB); Pariquera-Açu, Bernacci 982 (NY); Peruíbe, Sobral 6626 (MBM); Registro, Eiten 6064 (NY); 
Santo André, Smith 1915 (NY); São Bernardo do Campo, Kirizawa 173 (SP); São José dos Campos, Tamashiro 911 
(SP); São Miguel Arcanjo, Dias 512 (MBM); São Paulo, Smith 1809 (NY); Serra Negra, Chiea 712 (NY); Sete 
Barras, Benson 10885 (SP); Ubatuba, Kirizawa 2446 (CEPEC). 
 
Figure 52. Distribution of the specimens measured (A) and PCA of these measurements (B). of Lendra melastomoides. In 
B first component in the y axis and second component in the x axis. The morphotypes are colorcoded following the legend, 
and representative specimens are labeled in both graphs.  
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Figure 53. Boxplot of leaf and inflorescence measurements of Leandra melastomoides morphotypes. B = larger leaf; S = 
smaller leaf.  
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Figure 54. Distribution of Leandra melastomoides.  
 
Figure 55. Leandra melastomoides. A. Habit. B-C. Branch with inflorescence. C. Leaf on adaxial view. E-F. Detail of the 
inflorescences. G. Flower. H. Branch with young infrustecences.  
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Figure 56. Leandra melastomoides. A-E. Branch with inflorescences (at the same scale). F-K. Leaf on abaxial view (at the 
same scale). L-N. Detail of the glomerules showing the bracts and bracteoles. O-S. Detail of the leaf on adaxial view (at the 
same scale).  
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Figure 57. Leandra melastomoides (flower). A-B. Flower. C. Bracteole. D. Petal. E. Stamens. F. Flower bud. G. 
Hypanthium and style. H. Detail of the calyx. I. Anthers. J. Detail of anther apex. K. Hypanthium longitudinal section. 
Scales: A-G, I, K = 1 mm; H, J = 0.25 mm.   
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12. Leandra santos-limae Brade (1945: 4). Type:—BRAZIL. Rio de Janeiro: Santa Maria Madalena, 7 
March 1934, J.S. Lima & A.C. Brade 13213 (holotype RB!). (Figs. 58, 59, 60, 61) 
Leandra sylvestris var. major Cogn. in Martius et al. (1886: 91). Type:—BRAZIL. Rio de Janeiro: J.B.E. Pohl 
3968, (holotype BR image!). 
 
Shrubs or treelets, 1.5–3 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered 
by appressed, unbranched trichomes (ca. 0.5 mm), very sparse on the leaf surfaces, denser on the main 
veins on the abaxial surface, inflorescences and hypanthia, glandular trichomes (ca. 0.5 mm) mixed on the 
inflorescences and hypanthia. Leaves isophyllous or slightly anisophyllous in each pair (up to 1:2 ratio); 
petioles 0.7–2.5 cm long; blades 6–15 × (2.5)3.5–6 cm, elliptic, seldom ovate to elliptic, apex shortly 
acuminate, base acute to slightly cuneate, seldom obtuse to slightly rounded, margin crenulate or entire, 
ciliate (0.5 mm), subchartaceous; 5 main nerves, plus 0–1 additional pair of faint veins, plinerved, distant 
(5)10–25 mm above the base, main nerves slightly prominent and transversal slightly conspicuous on 
adaxial surface and main nerves prominent, transversal prominent or flat on abaxial, reticulation slightly 
conspicuous. Inflorescences terminal, seldom pseudolateral, 1–3 per node, 5–12 cm long, 2–4 pairs of 
opposite paraclades, accessory branches absent, > 30 flowers per inflorescence, these in glomerules; 
bracteoles 2–3 × 1.5–2.5 mm, elliptic or ovate, uniformly covered by simple trichomes, caducous. 
Flowers 5-merous, sessile. Hypanthium 3–4 × 2–2.5 mm, tubular, torus indumentum absent. Calyx tube 
0.4 mm long; inner lobes 1–1.5 × 0.85 mm, oblong with a rounded apex; external teeth ca. 1 mm long. 
Petals white, 5 × 1–1.5 mm, linear to lanceolate, apex acute, glabrous, spreading at anthesis. Stamens 10, 
opposite to the style; filaments geniculation absent or slightly conspicuous, the larger 4.5–5.5 mm long, 
the smaller 3–3.5 mm long; anthers white, the larger 3–3.5 mm long, the smaller 2.7–3.5 mm long, linear-
subulate, dorsally curved, pore 0.10–0.15 mm wide, connectives dorsally produced below the anthers 0.5–
0.7 mm, appendage present, a basal-dorsal bifurcation in the connective. Ovary 3-celled, 3 × 1.5 mm, 40 
% inferior, apex covered by unbranched trichomes (0.4 mm). Style 11 mm long, sigmoid, stigma 0.25 
mm diam. Berries unknown color, 6 × 4 mm. Seeds 0.6–0.8 × 0.4 mm, long-pyramidal, hilum covering 
95/100 of the seed length, anticlinal cell walls flat. 
 
Notes:—Leandra santos-limae is morphologically similar to L. hirta (sympatric in many localities), from 
which is differentiated by the wider elliptic leaves and by the shorter ovate or elliptic bracteoles. In most 
cases it also presents one more pair of main nerves than L. hirta.  
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Specimens examined:—BRAZIL. Espírito Santo: Alegre, Kollmann 10367 (MBML); Cachoeiro de 
Itapemirim, Souza 45 (UPCB); Conceição do Castelo, Arbo 7740 (CEPEC, NY); Santa Teresa, Sucre 
4550 (NY, RB); Venda Nova do Imigrante, Martinelli 1485 (NY, RB). Minas Gerais: Juiz de Fora, 
Schwacke 14802 (RB). Rio de Janeiro: Itatiaia, Brade 17442 (NY, RB), Brade 18842 (M, NY, RB), 
Reginato 1446 (UPCB); Miguel Pereira, Baumgratz 995 (RB, SPF); Santa Maria Madalena, Lima 13213 
(RB); Valença, R 167287 (R). São Paulo: Guarulhos, Aguiar 823 (UPCB), Reginato 1315 (NY); Itararé, 
Barros 3018 (SP). 
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Figure 58. Distribution of Leandra santos-limae. 
 
Figure 59. Leandra santos-limae. A. Habit. B. Branch with inflorescence. C. Detail of the inflorescences. D. Flowers. 
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Figure 60. Leandra santos-limae. A. Detail of the leaf on adaxial view. B. Branch with inflorescence. C. Detail of the shoot. 
D. Leaf on abaxial view. E. Detail of the leaf base. F. Inflorescence.  
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Figure 61. Leandra santos-limae (flower). A. Flower bud. B. Bracteole. C. Ovary cross section. D-E. Flower. F. Anther. G. 
Hypanthium cross section. H. Detail of anther apex. I. Style. J. Petal. K. Detail of anther base. L. Stamens. M. 
Hypanthium. N. Hypanthium longitudinal section. Scales: A, D-F, I, J, L-N = 1 mm; B, C, G, H, K = 0.25 mm.   
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13. Leandra sericea Candolle (1828: 154). Type:—BRAZIL. Rio de Janeiro: C.F.P. von Martius s.n. 
(holotype M!, isotypes B, destroyed, G image!). (Figs. 62, 63, 64, 65)  
Melastoma hirsuta Vellozo (1829: 171). Lectotype (designated here):—BRAZIL. Rio de Janeiro: 
illustrated in tab. 119.  
Shrubs or treelets, 1–2 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by 
unbranched trichomes (1–2 mm), these sparser on leaf adaxial surfaces. Leaves isophyllous or slightly  
anisophyllous in each pair (up to 8:14 ratio); petioles (0.5)1.5–4(5) cm long; blades (4)8–16(20) × (1.5)3–
6(7) cm, usually elliptic, also ranging from lanceolate to ovate, apex acuminate, base decurrent or 
cuneate, seldom obtuse, margin crenulate or entire, ciliate (0.8–1.2 mm), membranaceous or chartaceous; 
5–7 main nerves, plus 0–1 additional pair of faint veins, plinerved, distant (3)5–30(40) mm above the 
base, main nerves prominent, transversal flat on adaxial surface and main nerves flat, transversal 
inconspicuous on abaxial, reticulation slightly conspicuous. Inflorescences terminal, 1–3(5) per node, 
(5)6–10(14) cm long, 2–4 pairs of opposite paraclades, accessory branches absent or present, > 30 flowers 
per inflorescence, these in glomerules; bracteoles 4–7 × 1–3 mm, lanceolate, ovate or elliptic, uniformly 
covered by simple trichomes, persistent. Flowers 5–6-merous, sessile. Hypanthium 3–4 × 2–2.5 mm, 
tubular, torus indumentum absent, formed by . Calyx tube ca. 0.4 mm long; inner lobes 1.5–2 × ca. 1 mm, 
ovate to triangular; external teeth 1.2–1.5 mm long. Petals white, 3.7–4 × 1.4–1.8 mm, lanceolate, apex 
shortly acuminate, glabrous, spreading at anthesis. Stamens 10–12, opposite to the style; filaments 
geniculation absent or slightly conspicuous, the larger 4.5–5 mm long, the smaller 4–4.5 mm long; 
anthers pink, the larger 3.1–3.5 mm long, the smaller 2.6–3 mm long, linear-subulate, dorsally curved, 
pore ca. 0.12 mm wide, connectives dorsally produced below the anthers 0.1–0.7 mm, appendage absent. 
Ovary 4-celled,  2.2–2.8 × 1.3–1.7 mm, 30–40 % inferior, apex densely covered by unbranched trichomes 
(0.7–1 mm). Style 8–10 mm long, sigmoid, stigma 0.2 mm diam. Berries purple to black, 5–8(10) × 4.5–6 
mm. Seeds 0.7–1 × 0.5–0.6 mm, long-pyramidal to ovoid, hilum covering 85/100 of the seed length, 
anticlinal cell walls flat. 
 
Notes:—Leandra sericea usually is readily identified by its characteristic sericeous indumentum, 
although some specimens are slightly hirtellous. Additionally, in many specimens the anthers of this 
species turn from pink in life to green when dried. This feature is also observed in some specimens of L. 
melastomoides. Leandra sericea might be confused with L. lapae, but the latter present glandular 
trichomes throughout the plant. Among the other morphologically similar species, it shares with L. ulaei 
the number of main nerves, being differentiated by the elliptic leaves with cuneate base, in addition to the 
the geographical distribution. Cogniaux (1888) treated Melastoma hirsuta as synonym of L. 
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melastomoides. However, the illustration of M. hirsuta shows a clearly 5+2 venation pattern. If taken into 
account the number of nerves, absence of glandular trichomes, shape of the bracteoles and geographical 
distribution of M. hirsuta, this species is better placed as a synonym of L. sericea.  
 
Selected specimens examined:—BRAZIL. Espírito Santo: Alfredo Chaves, Orlandi 580 (CEPEC); 
Vargem Alta, Pereira 2260 (RB). Minas Gerais: Alto Caparaó, Leoni 5189 (UPCB); Carangola, Leoni 
1277 (SP); Coronel Pacheco, Heringer 813 (RB); Descoberto, Castro 699 (UPCB); Juiz de Fora, Silva 
14954 (MBM); Lima Duarte, Reginato 1350 (UPCB); Muriaé, Hatschbach 48784 (MBM); Passa Vinte, 
Tameirão Neto 2815 (UPCB); Rio Preto, Assis 976 (UPCB). Paraná: Campo Largo, Hatschbach 3211 
(MBM); Tibagi, Carmo 861 (UPCB). Rio de Janeiro: Itatiaia, Smith 1431 (NY); Nova Friburgo, Santos 
2219 (MBM); Resende, Mansano 6332 (RB); Santa Maria Madalena, Mautone 493 (RB); Valença, 
Amorim 10 (RB). São Paulo: Guarulhos, Reginato 1308 (UPCB); Nazaré Paulista, Souza 11262 (UPCB); 
São José do Barreiro, Loefgren 2473 (SP); São Paulo, Reginato 1391 (UPCB). 
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Figure 62. Distribution of Leandra sericea. 
 
Figure 63. Leandra sericea. A. Habit. B. Branch with inflorescence. C. Leaf on abaxial view. D. Inflorescence. 
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Figure 64. Leandra sericea. A. Leaf on abaxial view. B. Branch with inflorescence. C. Detail of the shoot. D. Inflorescence. 
E. Detail of the leaf base. F. Detail of the leaf on adaxial view.  
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Figure 65. Leandra sericea (flower). A. Flower. B. Hypanthium longitudinal section. C. Hypanthium. D. Detail of anther 
apex. E. Stamens. F. Detail of ovary apex. G. Hypanthium cross section. H. Anthers. I. Petal. J. Bracteole. Scales: A-C, E, 
H-J = 1 mm; D, F, G = 0.25 mm.  
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14. Leandra therezopolitana Cogn. in Candolle & Candolle (1891: 1186). Type:—BRAZIL. Rio de 
Janeiro: Teresópolis, Serra dos Órgãos, February 1888, J. de Moura 157 (holotype BR image!, isotype 
RB!). (Figs. 66, 67, 68, 69) 
 
Shrubs, 1 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by appressed, 
unbranched trichomes (ca. 0.5), these sparser on the old branches and leaf surfaces, denser on the main 
veins of leaf surfaces, petioles, inflorescences and hypanthia. Leaves slightly anisophyllous in each pair 
(up to 3:7 ratio); petioles 0.8–1.5 cm long; blades 4–8 × 2–3 cm, lanceolate to  elliptic-lanceolate, apex 
shortly acuminate, base cuneate, margin entire or crenulate, ciliate (0.5 mm), chartaceous; 5 main nerves, 
plus 0–1 additional pair of faint veins, plinerved, distant 3–8 mm above the base, main nerves slightly 
conspicuous on adaxial surface and main and transversal nerves slightly prominent on abaxial, 
reticulation slightly conspicuous. Inflorescences terminal, 1 per node, 4 cm long, 3 pairs of opposite 
paraclades, accessory branches absent, 14 flowers per inflorescence, these in glomerules; bracteoles 5–7 × 
1.5–2 mm, lanceolate, uniformly covered by simple trichomes, caducous. Flowers 6-merous, sessile. 
Hypanthium 4.5 × 3.5 mm, campanulate to tubular, torus indumentum absent. Calyx tube ca. 0.5 mm 
long; inner lobes ca. 0.5 × 0.7 mm, deltoid; external teeth 1.5–2 mm long. Petals white, 4 × 1.3 mm, linear 
to lanceolate, apex acuminate, glabrous, spreading at anthesis. Stamens 12, opposite to the style; filaments 
geniculation absent or slightly conspicuous, the larger 5.5 mm long, the smaller 5 mm long; anthers pink, 
the larger 5 mm long, the smaller 4.2 mm long, linear-subulate, dorsally curved, pore .15 mm wide, 
connectives dorsally produced below the anthers .7 mm, appendage absent. Ovary 3-celled,  1.5–1.7 × 1–
1.2 mm, 30–40 % inferior, apex sparsely covered by unbranched trichomes (ca. 0.8 mm). Style 13 mm 
long, sigmoid, stigma 0.2 mm diam. Fruits and seeds not seen. 
Notes:—Leandra therezopolitana is only known from Serra dos Órgãos (Rio de Janeiro). It is 
morphologically similar to L. hirta and L. aspera. From the former is differentiated by the predominantly 
6-merous flowers and pink anthers, while from the later by the plinerved leaves. One specimen from a 
second locality (Pico do Frade, mun. Macaé, Rio de Janeiro) was previously identified as L. 
therezopolitana, but presents persistent bracts with a different indumentum and very conspicuous internal 
calyx lobes. This specimen is treated here as L. melastomoides (in the "minifolia" morphotype).   
 
Specimens examined:—BRAZIL. Rio de Janeiro: Teresópolis, Giordano 2567 (NY, RB), Moura 6041 
(RB), Reginato 1097 (NY, UPCB), Reginato 1099 (UPCB). 
 
Taxonomic revision of Leandra sect. Leandra     209 
 
 
 
 
Figure 66. Distribution of Leandra therezopolitana.  
 
Figure 67. Leandra therezopolitana. A. Habit. B-C. Branch with inflorescence. D. Flower. C - Photo by M. Nadruz.  
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Figure 68. Leandra therezopolitana. A. Inflorescence. B. Branch with inflorescence. C. Detail of the leaf base. D. Detail of 
the shoot. E. Detail of the leaf on adaxial view. F. Leaf on abaxial view.  
Taxonomic revision of Leandra sect. Leandra     211 
 
 
 
 
Figure 69. Leandra therezopolitana (flower). A. Flower. B. Flower bud. C. Hypanthium longitudinal section. D. Bracteole. 
E. Detail of the calyx. F. Hypanthium cross section. G. Detail of ovary apex. H. Petal. I. Anthers. J. Stamens. Scales: A-D, 
H-J = 1 mm; E-G = 0.25 mm.  
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15. Leandra triantha Camargo & Goldenberg (2011: 223). Type:—BRAZIL. Espírito Santo: Santa 
Tereza, Estação Biológica Santa Lúcia, 2 April 2004, L. Kollmann & M. Sobral 6588 (holotype MBML, 
isotype UPCB!). (Figs. 70, 71, 72) 
 
Shrubs, 1.5 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by appressed, 
unbranched trichomes (0.5–1 mm), these very sparse on the leaf surfaces, and denser on young branches, 
inflorescences and hypanthia; sometimes unbranched glandular trichomes mixed on the hypanthia (ca. 0.8 
mm). Leaves isophyllous or slightly anisophyllous in each pair (up to 4:9 ratio); petioles 0.5–1.5 cm long; 
blades (3.5)5.5–10 × (1.5)2–3 cm, lanceolate, apex acuminate, base acute or cuneate, margin entire or 
crenulate, ciliate (0.5 mm), subchartaceous; 3 main nerves, plus 1 additional pair of faint veins, basally 
nerved or plinerved, distant 0–6 mm above the base, main nerves slightly prominent on adaxial surface 
and main nerves prominent, transversal flat on abaxial, reticulation slightly conspicuous. Inflorescences 
terminal, 1 per node, ca. 1 cm long, 0 pairs of opposite paraclades, accessory branches absent, 3 flowers 
per inflorescence, these in glomerules; bracteoles 3–5.5 × 1.5–2 mm, ovate or lanceolate, sparsely 
covered by simple trichomes, sometimes glabrous towards the margin with the trichomes restricted to the 
medium region, persistent. Flowers not seen. Berries purple to black, 6–10 × 5–8 mm. Seeds 0.7–0.9 × 
0.45–0.55 mm, long-pyramidal, hilum covering 9/10 of the seed length, anticlinal cell walls flat. 
Notes:—Leandra triantha is known from a few localities in the Santa Teresa region of Espírito Santo. It 
is readily indentified by the terminal inflorescences consisting of a single glomerule with up to three 
flowers. Other species of sect. Leandra with reduced inflorescences (i.e., L. angustifolia, L. capitata, L. 
cogniauxii and L. loligomorpha), clearly have their single glomerules in an axillary position. No 
collections bearing flowers at anthesis for this species are available. Therefore, its petal, stamen and style 
features could not be described. Leandra triantha is the only species of sect. Leandra with leaf domatia in 
the vein axils (likely acarodomatia for mites).  
 
Specimens examined:—BRAZIL. Espírito Santo: Santa Leopoldina, Magnago 969 (MBML); Santa 
Teresa, Goldenberg 903 (NY), Goldenberg 1530 (NY), Reginato 1204 (NY). 
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Figure 70. Distribution of Leandra triantha.  
 
Figure 71. Leandra triantha. A. Habit. B. Branch with infrutescence. C-D. Infrutescence.  
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Figure 72. Leandra triantha. A. Detail of the leaf on adaxial view. B. Branch with infrutescence. C. Detail of the leaf base. 
D. Infrutescence. E. Leaf on abaxial view. F. Detail of the shoot.  
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16. Leandra ulaei Cogn. in Candolle & Candolle (1891: 1186). Lectotype (designated here):—BRAZIL. 
Santa Catarina: "Minas", February 1890, E.H.G. Ule 1453 (BR image!, isolectotypes B, destroyed, US!, 
W). Additional syntype: BRAZIL. Santa Catarina: E.H.G. Ule 1133 (BR image!). (Figs. 73, 74, 75, 76) 
 
Shrubs, 0.3–0.5 m tall. Branches, petioles, leaves, inflorescences, bracts and bracteoles covered by 
unbranched trichomes (0.8–1.5 mm), these sparser on leaf adaxial surfaces and denser on main nerves on 
leaf abaxial surface, petioles and inflorescences. Leaves isophyllous or slightly anisophyllous in each pair 
(up to 6:9 ratio); petioles (0.7)1–2(3) cm long; blades 5.5–10 × 2.5–4.5 cm, ovate or elliptic, seldom 
lanceolate, apex acuminate, base rounded, seldom obtuse or slightly cuneate, margin crenulate or entire, 
ciliate (1.5 mm), membranaceous; 5 main nerves, plus 0–1 additional pair of faint veins, plinerved, distant 
(2)4–12(15) mm above the base, main nerves slightly printed on adaxial surface and main nerves 
prominent, transversal flat on abaxial, reticulation slightly conspicuous. Inflorescences terminal, 1 per 
node, (3)5–8 cm long, (1)2–4 pairs of opposite paraclades, accessory branches absent, > 10 flowers per 
inflorescence, these in glomerules; bracteoles 4–8 × 2–4.5 mm, lanceolate, elliptic, or slightly obovate, 
uniformly covered by simple trichomes, persistent. Flowers 5(6)-merous, sessile. Hypanthium 3.8–4.2 × 
1.7–2 mm, campanulate to tubular, torus indumentum absent. Calyx tube 0.3–0.4 mm long; inner lobes 
1.7–2.2 × ca. 1 mm, oblong with a rounded apex; external teeth 2.1–2.4 mm long. Petals white, 5.5–5.8 × 
1.2–1.4 mm, linear to lanceolate, apex acuminate, glabrous, spreading at anthesis. Stamens 10, opposite to 
the style; filaments geniculation present, the larger 4.8–5.2 mm long, the smaller 4.1–4.5 mm long; 
anthers pink, the larger 4.3–4.5 mm long, the smaller 3.2–3.5 mm long, linear-subulate, dorsally curved, 
pore 0.11–0.14 mm wide, connectives dorsally produced below the anthers 0.3–0.8 mm, appendage 
present, a basal-dorsal bifurcation in the connective of larger anthers. Ovary 3-celled,  2.8–3.2 × 1.7–1.9 
mm, 30–40 % inferior, apex sparsely covered by unbranched trichomes (ca. 0.8 mm). Style 10 mm long, 
sigmoid, stigma ca. 0.2 mm diam. Berries purple, 6–6.5 × 4–4.5 mm. Seeds ca. 1 × 0.6 mm, long-
pyramidal, hilum covering 9/100 of the seed length, anticlinal cell walls flat. 
Notes:—Leandra ulaei is only known from Santa Catarina. In this region it might be mistaken with L. 
hirta and L. melastomoides. From the former is differentiated by the persistent bracteoles, absence of 
glandular trichomes and the ovate leaves, and from the latter by the ovate leaves with a rounded base and 
5 or 5+2 main nerves.  
Specimens examined:—BRAZIL. Santa Catarina: Ilhota, Falkenberg 3593 (MBM), Falkenberg 5845 
(MBM), Falkenberg 6072 (MBM), Lourteig 2367 (NY), Reginato 1454 (UPCB); Orleans, Zanette 1319 
(UPCB); São Pedro de Alcântara, Falkenberg 6072 (UPCB). 
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Figure 73. Distribution of Leandra ulaei.  
 
Figure 0.74. Leandra ulaei. A. Branch with inflorescences. B. Leaf on abaxial view. C. Young infrutescence. D. Flower.  
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Figure 75. Leandra ulaei. A. Detail of the leaf base. B. Detail of the leaf on adaxial view. C. Branch with inflorescence. D. 
Leaf on abaxial view. E. Detail of the shoot. F. Inflorescence.  
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Figure 76. Leandra ulaei (flower). A. Stamens. B. Flower bud. C. Bracteole. D. Petal. E. Detail of anther base. F. Detail of 
anther apex. G. Flower. H. Hypanthium. I. Hypanthium longitudinal section. J. Ovary cross section. Scales: A-D, G-I = 1 
mm; E, F, J = 0.25 mm.  
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17. Leandra umbellata Candolle (1828: 153). Type:—BRAZIL. Minas Gerais: São João Del Rei, C.F.P. 
von Martius s.n. (holotype M!, isotypes B, destroyed, G image!). (Figs. 77, 78, 79, 80) 
Leandra involucrata Candolle (1828: 154). Type:—BRAZIL: “inter Santa Cruz et Lorenam”, C.F.P von Martius 
s.n. (holotype M!, isotype G image!). 
 
Shrubs, 1–3 m tall. Branches, petioles, leaves, inflorescences, bracts, bracteoles and hypanthia covered by 
unbranched trichomes (1–2 mm) mixed with glandular trichomes (1–2.5 mm), these sparser on the adaxial 
leaf surface where the glandular trichomes are absent. Leaves isophyllous or slightly anisophyllous in 
each pair (up to 6:10 ratio); petioles 1–5 cm long; blades (6)8–15 × (2.5)3–9 cm, ovate, seldom ovate-
lanceolate, apex shortly acuminate or acuminate, base rounded or slightly cordate, seldom obtuse and/or 
asymmetrical, margin crenulate, ciliate (0.5–1 mm), subchartaceous; 5–7 main nerves, plus 1 additional 
pair of faint veins, plinerved, seldom basally nerved, distant 4–12 mm above the base, main and 
transversal nerves prominent on adaxial surface and main and transversal nerves flat on abaxial, 
reticulation slightly conspicuous. Inflorescences terminal, 1–3 per node, 5–12 cm long, 1–3 pairs of 
opposite paraclades, accessory branches absent, > 30 flowers per inflorescence, these in glomerules; 
bracteoles 6–14 × 1.5–5 mm, lanceolate or slightly obovate, uniformly covered by glandular trichomes, 
persistent. Flowers 5–6(7)-merous, sessile. Hypanthium 4–7 × 2.5–3 mm, tubular, torus indumentum 
present, formed by sparse small unbranched glandular trichomes (0.3 mm). Calyx tube ca. 0.5 mm long; 
inner lobes 2–3 × 0.9–1.2 mm, lanceolate to triangular; external teeth 1.5–2.5 mm long. Petals white, 4.7–
6.3 × 1.3–2.5 mm, linear or lanceolate, apex shortly acuminate, glabrous, spreading at anthesis. Stamens 
10–12, opposite to the style; filaments geniculation present, the larger 7–8 mm long, the smaller 6–7.5 
mm long; anthers pink, the larger 5–9 mm long, the smaller 4–6 mm long, linear-subulate, dorsally 
curved to straight, pore 0.12–0.15 mm wide, connectives dorsally produced below the anthers 0.8–1.5 
mm, appendage a basal-dorsal projection. Ovary 3–4-celled,  2.5–3 × 1.5–2 mm, 10–20 % inferior, apex 
densely covered by unbranched trichomes (0.7–1 mm). Style ca. 14 mm long, sigmoid, stigma 0.15 mm 
diam. Berries purple, 10–13 × 5 mm. Seeds ca. 0.9 × 0.5 mm, long–pyramidal, hilum covering 8–9/10 of 
the seed length, anticlinal cell walls flat. 
 
Notes:—Leandra umbellata is readily distinguished by the glandular indumentum and large flowers (see 
notes on L. lapae). Additionally, it is quite sticky in life. Both Candolle (1828) and Cogniaux (1888) used 
the number of petals to differentiate L. umbellata (6-merous) from L. involucrata (5-merous). However, 
variation in the number of petals (5–7) was observed in some specimens, and predominantly 5-merous 
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and 6-merous individuals were observed growing side by side in the lower slopes of Itatiaia mountains 
(Rio de Janeiro).  
Selected specimens examined:—BRAZIL. Bahia: Amargosa, Cardoso 1503 (CEPEC); Arataca, Jardim 
228 (CEPEC); Barra do Choça, Pinheiro 2215 (CEPEC). Minas Gerais: Catas Altas, Stehmann 3507 
(UPCB); Juiz de Fora, Castro 23 (UPCB); Mariana, Tameirão Neto 2634 (UPCB); Santa Bárbara, 
Barreto 6697 (SP); São Gonçalo do Rio Abaixo, Stehmann 3473 (UPCB); Serro, Williams 7014 (SP); 
Viçosa, Mexia 5465 (NY). Rio de Janeiro: Itatiaia, Sampaio 1051 (RB). São Paulo: São José dos Campos, 
Jouy 674 (SP). 
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Figure 77. Distribution of Leandra umbellata.  
 
Figure 78. Leandra umbellata. A. Habit. B. Leaf on adaxial view. C. Inflorescence. D. Flowers.  
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Figure 79. Leandra umbellata. A. Inflorescence. B. Detail of the leaf base. C. Branch with inflorescence. D. Leaf on abaxial 
view. E. Detail of the shoot. F. Detail of the leaf on adaxial view.  
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Figure 80. Leandra umbellata (flower). A. Flower bud. B. Flower bud (up view). C. Bracteole. D. Flower. E. Petal. F. 
Detail of ovary apex. G. Detail of anther apex. H. Style. I. Stamens. J. Hypanthium longitudinal section. K. Hypanthium. 
L. Anthers. Scales: A-E, H-L = 1 mm; F, G = 0.25 mm.  
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5. APPENDICES 
 
Appendix 1. Potential informative morphological characters to diagnose Leandra sect. Leandra. The characters were 
coded as follows: torus fringe (absent - 0; present - 1); number of petals (4, 5, 6); number of ovary locules (2, 3, 4, 5);  style 
(erect or bent surrounded by the stamens- 0; opposite to the stamens - 1); inflorescences with glomerules (absent - 0, 
present - 1); inflorescences with involucral bracts (absent - 0; present - 1); seeds with sharp angles (absent - 0; present - 
1); seed cells (flat - 0, convex - 1, tuberculate - 2). Leandra sect. Leandra species in bold.  
Species Torus fringe Petals Locules Style Glomerules Involucral Seed angles Seed cells 
Clidemia atrata 1 5 4 0 0 0 0 2 
Clidemia fluminensis 1 5 3 0 1 1 0 1 
Leandra acutiflora 0 5 3 0 0 0 1 1 
Leandra adenothrix 0 5 3 0 0 0 0 0 
Leandra alpestris 0 5 4 ? 0 0 0 0 
Leandra amplexicaulis 0 6 4 1 1 1 1 0 
Leandra angustifolia 0 5 4 1 1 1 1 0 
Leandra aspera 0 5 3 1 1 0 ? ? 
Leandra aurea 1 5 3 0 1 0&1 0 1 
Leandra australis 0 5 3 0 0 0 0 0 
Leandra barbinervis 0 5 3 0 0 0 0 1 
Leandra blanchetiana 1 5 3 0 1 0&1 0 1 
Leandra brackenridgei 1 5 3 0 0 0 0 1 
Leandra breviflora 0 5 5 ? 0 0 0 1 
Leandra calvescens 0 5 2 0 0 0 0 0 
Leandra cancellata 1 5 3 0 1 0&1 0 1 
Leandra capilliflora 0 5 3 0 0 0 0 1 
Leandra capitata 0 6 4 1 1 1 ? ? 
Leandra carassana 1 5 3 0 0&1 0&1 0 1 
Leandra cardiophylla 0 5 3 0 0 0 0 0 
Leandra catharinensis 1 5 3 ? 0 0 0 0 
Leandra cogniauxii 0 5 3 0 1 1 1 0 
Leandra collina 1 5 3 ? 1 0 0 0 
Leandra cordigera 0 5 3 ? 0 0 0 0 
Leandra coriacea 0 5 3 0 1 0&1 0 1 
Leandra crenata 1 5 3 ? 1 0&1 0 1 
Leandra cristata 0 5 3 ? 0 0 0 0 
Leandra debilis 0 5 3 ? 0 0 ? ? 
Leandra dendroides 1 5 3 0 0 0 0 0 
Leandra dentata 0 5 3 ? 0 0 ? ? 
Leandra diffusa 1 5 3 0 0 0 0 1 
Leandra echinata 0 5 5 0 0 0 0 1 
Leandra eichleri 0 5 3 0 0&1 0&1 0 0 
Leandra erostrata 0 5 3 0 1 1 0 0 
Leandra euphorbioides 0 5 3 0 0 0 ? ? 
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Species Torus fringe Petals Locules Style Glomerules Involucral Seed angles Seed cells 
Leandra fallacissima 1 5 3 0 0 0 0 1 
Leandra fallax 1 5 3 0 0 0 0 0 
Leandra fluminensis 0 5 3 0 1 0&1 0 0 
Leandra fontanae 1 4 2 0 0 0 0 1 
Leandra foveolata 1 5 3 0 0&1 0&1 0 1 
Leandra glabrata 1 5 3 0 1 0&1 0 1 
Leandra glazioviana 0 6 4 1 1 1 1 0 
Leandra gracilis 0 5 3 0 0 0 0 1 
Leandra gynoverrucosa 0 5 3 0 0 0 ? ? 
Leandra hatschbachii 0 5 4 0 0 0 1 0 
Leandra heteroporata 0 5 3 0 0 1 ? ? 
Leandra hirta 0 5 3 1 1 1 ? ? 
Leandra hirtella 0 5 3 0 0 0 0 0 
Leandra humilis 0 5 3 0 1 1 0 0 
Leandra ionopogon 1 5 3 0 0 0 1 0 
Leandra itatiaiae 0 5 3 0 0 0 0 0 
Leandra lacunosa 1 5 3 0 1 0&1 0 1 
Leandra laevigata 0 5 5 0 0 0 0 0 
Leandra lancifolia 1 5 3 0 1 0&1 0 1 
Leandra lapae 0 6 4 1 1 1 ? ? 
Leandra laxa ? 5 3 ? 0 0 0 1 
Leandra magdalenensis ? 5 3 ? 0 0 0 1 
Leandra melastomoides 0 6 4 1 1 1 1 0 
Leandra miconiastrum ? 5 3 ? 1 0&1 0 1 
Leandra microphylla 1 5 3 0 0 0 0 1 
Leandra mollis 0 5 3 0 0 0 ? ? 
Leandra mouraei 1 5 3 0 0 0 ? ? 
Leandra multiplinervis 0 5 3 0 0 0 0 0 
Leandra multisetosa ? 5 3 ? 0&1 0&1 0 1 
Leandra nana 1 5 3 0 1 0 0 1 
Leandra neurotricha 0 5 3 0 0 0 0 0 
Leandra nianga 0 5 3 0 0&1 0 0 0 
Leandra pallida 0 5 3 0 0 0 0 0 
Leandra paulina 0 5 3 0 1 1 0 0 
Leandra penduliflora 1 4 3 0 0 0 0 0 
Leandra pennipilis 1 5 ? 0 0&1 0 0 0 
Leandra pilonensis 1 5 3 0 0 0 0 1 
Leandra planifilamentosa 1 5 ? 0 0 0 1 0 
Leandra polychaeta ? ? ? ? 1 0 0 1 
Leandra polystachya 0 5 3 0 1 0 0 1 
Leandra purpurascens 1 5 3 0 0 0 0 0 
Leandra purpureo-villosa 0 5 3 0 0&1 0 0 1 
Leandra quinquedentata 0 5 3 0 0 0 0 0 
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Species Torus fringe Petals Locules Style Glomerules Involucral Seed angles Seed cells 
Leandra quinquenodis 0 5 3 0 0 0 0 1 
Leandra refracta 1 5 5 0 0 0 0 0 
Leandra regnellii 1 5 3 0 0 0 0 1 
Leandra reitzii 0 5 3 0 0&1 0&1 0 1 
Leandra reptans 1 5 3 0 0 0 0 0 
Leandra ribesiaeflora 0 5 3 0 0 0 0 0 
Leandra riedeliana 0 5 3 0 0 0 0 1 
Leandra rigida ? ? ? ? 1 0&1 0 1 
Leandra riograndensis 0 4 4 0 0 0 0 0 
Leandra sabiaensis 0 5 3 0 0 0 0 1 
Leandra salicina 1 5 ? 0 1 1 0 0 
Leandra santos-limae 0 5 3 1 1 1 1 0 
Leandra sericea 0 6 4 1 1 1 0 0 
Leandra strigilliflora 0 5 5 0 0 0 0 2 
Leandra sulfurea 0 5 3 0 0 0 0 0 
Leandra tetraquetra 0 5 3 0 0&1 0 0 0 
Leandra therezopolitana 0 6 4 1 1 1 1 0 
Leandra tomentosa 0 5 3 0 0 0&1 ? ? 
Leandra triantha ? ? ? ? 1 1 1 0 
Leandra ulaei 0 5 3 1 1 1 1 0 
Leandra umbellata 0 6 4 1 1 1 1 0 
Leandra variabilis 1 5 3 0 0&1 0 0 1 
Leandra vesiculosa 0 5 3 0 0 0 ? ? 
Leandra xanthocoma 1 5 5 0 0 0 0 0 
Leandra xantholasia 1 5 4 0 0 0 0 0 
Leandra xanthostachya 1 5 3 0 0&1 0 0 0 
Miconia labiakiana ? 5 3 1 0 0 0 2 
Ossaea amygdaloides 1 5 3 0 0 0 1 0 
Ossaea cabraliensis 1 5 3 0 0 0 0 1 
Ossaea cinnamomifolia 0 5 3 0 0 0 0 0 
Ossaea confertiflora 1 5 3 0 0 0 0 0 
Ossaea congestiflora 0 5 3 0 1 1 0 0 
Ossaea coriacea 0 5 3 0 0 0 0 0 
Ossaea loligomorpha 0 5 3 0 1 0 1 0 
Ossaea marginata 1 5 3 0 0 0 0 0 
Ossaea sanguinea ? 5 4 0 0 0 0 1 
Ossaea suprabasalis 0 5 3 0 0 0 0 0 
Ossaea warmingiana 0 4 2 0 1 1 ? ? 
Pleiochiton amorimii 0 5 3 0 0 0 ? ? 
Pleiochiton blepharodes 0 5 3 0 1 1 0 2 
Pleiochiton ebracteatum 0 5 3 0 0 0 0 2 
Pleiochiton micranthum 0 5 3 0 0 0 0 2 
Pleiochiton parasiticum 1 5 3 0 0 0 ? ? 
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Species Torus fringe Petals Locules Style Glomerules Involucral Seed angles Seed cells 
Pleiochiton parvifolium 0 5 3 0 1 1 0 1 
Pleiochiton roseum 0 5 3 0 1 1 0 2 
Pleiochiton setulosum 0 5 3 0 0 0 0 2 
 
 
Appendix 2. List of all examined specimens of Leandra sect. Leandra by collector name. 
1. Leandra amplexicaulis. 2. Leandra angustifolia. 3. Leandra aspera. 4. Leandra capilliflora. 5. Leandra 
capitata. 6. Leandra cogniauxii. 7. Leandra glazioviana. 8. Leandra hirta. 9. Leandra lapae. 10. Leandra 
loligomorpha. 11. Leandra melastomoides. 12. Leandra santos-limae. 13. Leandra sericea. 14. Leandra 
therezopolitana. 15. Leandra triantha. 16. Leandra ulaei. 17. Leandra umbellata.   
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CEPEC 62576 (11). GH 273490 (11); 273491 (11); 273493 (11); 273501 (11); 273505 (11); 310967 (11); 
310975 (11); 310986 (2); 310998 (11); 310999 (11). MBM 128249 (11); 299696 (11); 299699 (11); 
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520725 (11); 520727 (11); 520887 (11); 522740 (2); 558636 (8); 909004 (11); 909051 (17). R 38554 (8); 
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45923 (1); 50129 (11); 50130 (13); 50647 (11); 50785 (1); 50786 (13); 51168 (8); 51177 (1); 54595 (1); 
65165 (11). 
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